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T have been on a number of National Academies commit-
tees, all of which have been challenging. This committee has
been different in many respects. First, it 18 congressionally
mandated, which puts it on a higher level of visibility. That
aside. the subject matter delves into an area that has been
controversial for many years——from the perspective of the
public, regulators, and the military. Open burning/open
detonation (OB/OD}) of excess, obsolete. or unserviceable
munitions has been a commeon disposal practice for decades,
even centuries. It is quick, relatively straightforward, and
relatively inexpensive. Although there have been safety
incidents, 1t can also be conducted safely. The downside, as
can be deduced from the word “open” is that OB/OD releases
contaminants into the environment. During my observations
of OB/OD operations at many locations, thick plames of
smoke and particulates are quite visible during these opera-
tions. Public interest groups have been opposed to OB/OD
operations for years.

Yet the U.S. Environmental Protection Agency (EPA)
and the states have issued permits under the Resource Con-
servation and Recovery Act (RCRA) for a number of OB/
OD operations, and several permits are still pending. In
order for a facility to receive an RCRA permit, the opera-
tion must be shown to be protective of human health and
the environment—a statutory requirement of RCRA. This
would lead one to believe that OB/OD can be conducted in
a manner that, according to environmental regulatory agen-
cies, is protective of human health and the environment. The
permits, however, are accompanied by many restrictions, all
of which limit what can be treated, when it can be treated,
how it can be treated, and the rate of weatment. They also
contain extensive monitoring requirements. Many hazard-
ous waste cleanup sifes exist across the United States, and
the contamination as a result of OB/OD operations is well

Vil

documented. But most, if not all, of these are pre-RCRA
“legacy sites” operated without the restrictions we see in
RCRA permits today.

On the other hand, there are new and emerging tech-
nologies for the demilitarization of conventional munmitions,
which consist mostly of some type of contained burning (CB)
or contained detonation (CD). Recyeling and recovery are
also employed, as are other technologies. These technolo-
gies, by their nature, himit the release of constituents into the
environment to a relatively small amount. CB/CD technolo-
gies are more environmentally acceptable —RCRA permits
for their operation carry fewer restrictions as compared to
OB/OD. Like OB/OD, CB/CD can also be conducted safely,
but there is an increased 1isk to workers due to additional
handling requirements associated with many of the alterna-
tives. Public interest groups will always favor CB/CD over
OB/OD. The primary downside of most of the available CB/
CD technologies is cost and throughput. And considering the
huge inventory of munitions maintained by the mulitary that
1s destined for destruction, cost and throughput become very
important considerations, especially when you consider that
EPA and the States maintain that permitted OB/OD opera-
tions are safe for human health and the environment.

I would like to thank the U.S. Army and the product
director for demulitarization, Department of Defense repre-
sentatives and staff, EPA and the state regulators, and Army
contractors that provided input to the commitiee’s dehib-
erations and accommodated its numerous inquiries. I also
want to thank the vendors of alternative technologies that
addressed the committee and responded to its inquiries. My
thanks also to representatives of the public interest groups
that addressed the committee as well, imnclading California
Comunmunities Against Toxics, the Cease Fire Campaign, and
Environmental Patriots of the New River Valley, for offering
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their perspectives on the issues. [ would also hike to thank
Senator Tammy Baldwin and her staff for their input and
direction during the conduct of the study. [ must also thank
the staff of the National Academies of Sciences, Engineering,
and Medicine for their tireless and outstanding support, espe-
cially Bruce Braun, Jim Myska, Greg Eyring. Nia Johnson,
and Deanna Sparger. 1 also thank the committee members for
putting up with my challenging schedule, onerous demands,
and my dry and only sometimes witty sense of humor. Last,
Irust offer my very sincere thanks to Committee Vice Chair

PREFACE

Doug Medville for his dedication, perseverance, and atten-
tion to detail. It was often hard to tell who was the chair and
who was the vice chair. Thank you, Doug!
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As of the writing of this report, the U.5. military has a
stockpile of approximately 400,000 tons of excess, obsolete,
or unserviceable munitions. About 60,000 tons are added
to the stockpile each year. Munitions include projectiles,
bombs, rockets, landmines, and missiles. Open burning/open
detonation ((OB/OD) of these munitions has been a common
disposal practice for decades, although it has decreased sig-
nificantly since the 2011,

OB/OD 1s conducted at numerous installations across
the United States, including Army, Air Force, and Navy/
Marine bases as well as at mumitions production sites, on
military ranges, and at other locations, such as Department
of Energy (DOE) laboratories. OB/OD is relatively quick,
procedurally straightforward, and inexpensive. OB typically
mvolves either the burning of bulk propellants and energet-
ics and waste materials contaminated with these materials
in burn pans or other structures, or the static firing of rocket
and missile motors. Static fire involves securing the motors
on stands and igniting them. OD typically involves placing
munitions and donor charges nto pits, covering them with
earth and activating the donor charges. While there have been
safety mcidents, OB/OD is considered by the Army to be a
generally safe technology for workers. The downside of OB
and OD is that they release contaminants from the operation
directly into the environment. During OB/OD operations,
thick plumes of smoke are quite often visible during these
operations. This has generated significant concern on the part
of public interest groups.! These groups have been opposed
to OB/OD operations for vears, claiming the lack of adequate
monitoring of emissions and potentially cormulative negative
impacts on human health and the environment.

Current OB/OD operations are conducted under Resource
Conservation and Recovery Act (RCRA) permits. These
permits are bt from a standard foundation of RCRA regu-

U In the course of its work the conunittee engaged with representatives
of the California Communities Against Toxics, the CeaseFire Campaign,
the Center for Public and Eavironmental Oversight, and the Environmental
Patriots of the New River Valley.

latory requirements, and are then customized for each facil-
ity. They include extensive conditions, including limitations
on what can be treated, the rate of treatment, time-of-day
and weather restrictions, and monitoring requirements. In
order for a facility to receive an RCRA permit, the opera-
tion must be shown to be protective of human health and
the environment—a statutory requirement of RCRA (42
U.S.C.6902).

Over time, a number of technology alternatives to OB/
OD have become available and more are 1o research and
development. Alternative technologies generally involve
some type of contained destruction of the energetic materials,
inchuding contained burning (CB) or contained detonation
(CD) as well as contained methods that forego combustion
or detonation. Eimissions from CB and CD operations are
captured, and gaseous emussions are treated in pollution
abatement systems before release to the environment. Recy-
cling, recovery, and reuse of munition components are often
employed as well.

These alternative technologies, by their nature, release far
fewer emissions into the environment, and thus are generally
perceived by the public as mwore environmentally friendly
and acceptable. There 19 the possibility of an increased
safety risk to workers owing to additional handling require-
ments associated with preparing munitions for disposal by
many of the alternative technologies, such as disassembly,
size reduction, and the removal of problematic components
such as cluster munitions. It should be noted, however, that
some dermilitarization facilities use antomation to minimize
handling and worker risk. This leads to the primary downside
of most of the available CB/CD technologies. Alternative
technologies are expected to have higher capital and operat-
ing costs than OB/OD because of the need to procure and
install equipment. construct the facility, and pay for utilities,
maintenance, and personnel. This cost differential would be
oven greater were automation used to minimize the handling
of munitions. However, the closure and cleanup of alterna-
tive technology facilities will likely be less expensive than

Copyright National Academy of Sciences. All rights reserved.
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2 ALTERNATIVES FOR THE DEMILITARIZATION OF CONVENTIONAL MUNITIONS

OB/OD, as contimuing contamination of the sumounding
environment during repeated OB/OD operations will require
extensive mitigation during closure, particularly if ground-
water 1s contaminated.

In general, many of the CB/CD technologies will also
have lower throughput than OB/OD operations. This differ-
ence may not be as great as generally assumed, considerning
the ability of CB/CD facilities to operate at any hour of the
day and in most weather conditions. However, throughput
for OB/OD operations may be substantially increased by
using more burn pans and detonation pits, 30 long as these
can be accommeodated within existing permit conditions.
It has become clear that throughput is often ymunition and
technology specific.

In response to concerns expressed by public interest
groups, the U.S. Congress directed the Secretary of the Anmy
to enter into an arrangement with the Board on Army Sci-
ence and Technology of the National Academies of Sciences,
Engineering, and Medicine to conduct an evaluation of alter-
native technologics for the demilitarization of conventional
munitions in lieu of OB/OD. Specifically, Section 1421 of
the National Defense Authorization Act for Fiscal Year 2017
mcluded the following statement of task (SOT) for the study:

= A veview of the current conventional munitions
demilitarization stockpile, including types of muni-
tons and types of materials contaminated with pro-
pellants or energetics, and the disposal technologies
nsed.

¢ Ananalysis of disposal, treatment, and reuse technol-
ogies, inchiding technologies currently used by the
Department and emerging technologies used or being
developed by private or other governmental agencies,
mclading a comparison of cost, throughput capacity,
personnel safety, and environmental impacts.

¢ Anidentification of munitions types for which alter-
natives [o open burning, open detonation, or non-
closed loop incineration/combustion are not used.

¢ An identification and evaluation of any barriers to
full-scale deployment of alternatives to open burning,
open detonation, or non-closed loop incineration/
combustion, and recommendations to overcome such
barriers.

¢ Anevaluation of whether the maturation and deploy-
ment of governmental or private technologies cur-
rently in research and development would enhance
the conventional munitions demilitarization capabili-
ties of the Department.

The SOT lays out both the nature of and the constraints
of the commitiee’s work. While the commitice must address
cach item of the 50T, it is not permitied to exceed the scope
of its work as set forth in the SOT. The SOT specifically
focuses on the Department of Defense (DoD)) conventional
munitions demilitarization stockpile being destroved at

seven stockpile depots: Anniston Munitions Center; Blue
Grass Army Depot (BGAD); Crane Army Ammunition
Activity (CAAA), Hawthorne Army Depot: Letterkenny
Munitions Center (LEMC); McAlester Army Anmumunition
Plant (MCAAP); and Tooele Army Depot (TEAD). It also
includes private sector “industry partners” that operate under
contract to the Dol to demilitarize stockpile munitions at
their facilities using alternative technologies. It does not
include OB/OD at other mulitary bases, ammunttion plants,
mulitary ranges, or other government-owned locations where
OB/OD is conducted.

MNevertheless, the committee understands and acknowl-
edges that the concerns of the public that resulted i this
study extend beyond the demilitarization stockpile. The SOT
was focused on the conventional demilitarization stockpile
and, thus, prevented the commitice from specifically addiess-
ing other OB/OD locations (discussed in Chapter 1). The
committee’s work, however, does reflect the concerns of
public interest groups, and the commuittee’s findings and rec-
ommendations for this study will have mmplications for, and
applicability to, OB/OD conducted at these other locations.

MAIN MESSAGES

The body of this report includes 30 findings and 8 recom-
mendations that address a number of topics in some detail.
The committee has consolidated the results of its work into
the following six main messages. The findings and recom-
mendations are listed below.

1. The Office of the Product Director for Demilitariza-

tion (PD Denul) has a stated strategic goal to increase

the use of alternative technologies in lieu of OB/

OD. The Army has made progress in implementing

alternatives at many of the stockpile and contractor

locations.

Some shock-sensitive or unstable munitions may

not be safe to handle or transport for treatment by

alternative technologies: thus, the capability for OB/

OD will always be needed.

3. Viable alternative technologies exist within the
denulitarization enterprise. cither stand-alone or as
part of a rreatment train, for almost all munitions
currently being treated within the DoD conventional
munitions denulitarization stockpile via OB/OD.

4. Alternative technologics have both pros and cons.
Implementing alternative reatment technologies for
munitions that are currently treated via OB/OD will
result in reduced emissions but will be associated
with increased capital and operating costs, although
with lower closure costs. The alternative technolo-
gies treating the same munitions as OB/OD will have
varying throughput capacities compared to OB/OD,
depending on the capabilities of the technologies,
mumitions being treated, and other factors, including

[
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permit yestrictions (e.g., net explosive weight hmits
and weather restrictions).

5. Public interest groups are expected to generally favor
alternative technologies over OB/OD. Further prog-
ress in implementing alternatives will be facilitated
by proactive engagement with federal and state regu-
lators and the affected public, featuring increased
two-way communication and transparency in deci-
sion making.

6. There is only one barnier to the full-scale deploy-
ment of alternative technologies in lieu of OB/
OD —namely, funding. In addition, there are two
other considerations that could significantly impact
the ransition away from OB/OD: (1) The PD Demil’s
lack of a detailed implementation plan to institution-
alize the 2018 Demilitarization Strategic Plan and
(2) the potential for public opposition to specific
alternative technologies at the mdividual stockpile
depots.

FINDINGS AND RECOMMENDATIONS

Finding 2-1. According to PD Demil, the primary fac-
tor determining the quantity of munitions demilitarized in
a given year 18 the budget, not technological capacity or
availability.

Finding 2-2. Despite the Army’s stated strategic goal of
replacing OB/0OD with alternative contained treatment
technologies, reducing the use of OB/OD is not an explicit
criterion used to evalaate projects in PD Denal’s research,
development, testing, and evaluation progran:.

Recommendation 2-1. The Army should inchude the poten-
tial to reduce the use of open burning and open detonation as
a criterion used to evaluate candidate projects in Office of the
Product Director for Demilitarization’s rescarch, develop-
ment, test, and evaluation progran.

Finding 2-3. The Army demilitarization program appears
to have mstituted an effective safety management program.

Finding 2-4. According to data provided to the commitiee
by PD Demil, the use of OB/OD as demilitarization treat-
ment methods has declined from an estimated 80 percent of
demilitarized munitions in the pud-1980s to an average of
about 30 percent in recent years.

Finding 2-5. Nonmunitions waste materials, including sol-
vents and other organic liquids, positively identified as pyro-
technic, explosive. or propellant-contaminated are treated via
OB at some of the stockpile demilitarization sites.

Recommendation 2-2. The Office of the Product Director
for Demilitarization should investigate the use of alternative

treatment or disposal methods. including commercial treat-
ment, storage, and disposal facilities, for positively identified
pyrotechnic, explosive, or propellant-contaminated nonmu-
nitiong wastes.

Finding 4-1. Contained burn chambers with associated
pollution abatement systems designed to treat propellants
and other energetics are available commercially and can be
designed to meet the needs of PD Demil stockpile demilitar-
ization as a substitute for OB.

Finding 4-2. Contained detonation chambers that can
demifitarize some conventional munitions and munition
components exist; however, limited explosion containment
capabilities and the need to prepare or preprocess munitions
can limit the apphicability of these chambers.

Finding 4-3. For some munitions, combinations of process-
ing steps will be required to prepare munitions for treatment
in a CB or CD chamber. Although this increases complexity
and handling risks, if not conducted remotely using auto-
mated equipment, these steps enable the munitions to be
demilitarized without using OB or OD.

Finding 4-4. Scveral of the emerging technologies are in
carly stages of research and development and have not been
demonstrated under full-scale operating coaditions. None
of those examined by the committee is expected to make a
significant contribution to demilitarizing munifions in the
near future.

Finding 6-1. There is no formal Environmental Protection
Agency guidance for permit applicants or authorized state
agencies o determine the requirements for applications or
permit conditions {(e.g., risk goals, reatment efficiencies, or
waste and operational limitations) for alternative technology
units that would be permitted as Subpart X units.

Finding 6-2. Provisions contained in permits for existing
alternative technologies at Army demilitarization depots may
limit the types of waste munitions that can be treated or the
throughput of the units. Some of these limitations are based
on the technology or regulatory himitations, but some may
be the result of (1) how the RCRA application was worded
or (2) availability of RCRA waste characterizations for a
variety of munitions.

Finding 6-3. Public interest group representatives express
the need to consider community preferences and site-specific
conditions when selecting an alternative technology to
implement, install, and permit at any of the seven demili-
tarization depots.

Recommendation 6-1. The Army should investigate
whether permits for existing alternative technology anits at
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Army munition demiditarization depots can be amended to
be more flexible regarding the types, frequency, and amounts
of munitions that can be treated.

Recommendation 6-2. The Army should identify issues that
could affect the Resource Conservation and Recovery Act
permitting process for alternative technologies, including
public concerns, and work with regulators in the states with
jurisdiction over the seven demilitarization depots to estab-
Iish requirements for Subpart X apphcations (e.g., develop-
g scientific and technical analysis documents, emission
modeling and estimates, and efficiency documentation for
sirnilar umits) so as to address issues and guestions before
they become a problem that could significantly delay permit-
ting alternative technologies.

Finding 7-1. Alternatives to OB/OD are not being used for
some munitions because the munitions have become unstable
and are too hazardous for the handling and transportation
required for demilitarization using alternative technologies.
Adetermination by the PD Demil that a miunition is unstable
and potentially shock sensitive is a valid reason for perform-
g demilitarization via OB/OD to minimize transportation
and handling and, therefore, the exposure of technicians to
the explosive hazard. The capability for OB/OD will always
be needed.

Finding 7-2. The configuration of some mmanitions will
require handling and processing steps prior to munitions
demilitarization using alternative technologies. This adds
complexity to the process, may increase the cost of demalitar-
ization, and may increase risks to workers. These factors will
have to be considered when evaluating the use of alternative
technologies.

Finding 7-3. The organic capabilities of the PD Demil and
the contractor community have the technical capability —or
could develop the capability —fo demilitarize nearly all of
the munitions in the stockpile using alternative technologies.
There will, however, always be some munitions that need to
be treated by OB/OD for safety reasons.

Recommendation 7-1. In keeping with stated strategic goal
to increase the use of contained disposal, resource recovery,
and recycling consistent with confinuing to ensure minimal
exposure of personnel to explosive safety risks, the Office
of the Product Director for Demilitarization should perform
a detailed technical and engincering evaluation of the muni-
tions in the mventory currently demulitarized by open burn-
ing or open detonation and evaluate appropriate alternative
demilitarization technologies for each munition along with
an implementation schedule and budget requirements. This
detailed evaluation should include the option of shipping
munitions and munitions components to other organic or
contractor facilities for demilitarization.

Finding 8-1. Fach of the aliernative techoologies that the
committee evaluated as potential replacements for OB and
OD would have lower emissions and less of an environ-
mental and public health impact, would be monitorable, and
would likely be more acceptable to the public.

Finding 8-2. Throughput capacity for OB/OD and alter-
native technologies is dependent on many factors, some
of which may offset each other. These factors include the
capability of the treatment technology, the characteristics
of the munition or munition component being treated, and
permit restrictions.

Finding 8-3. Most of the alternative technologies that could
replace OB/OD are mature and many have already been
permitted.

Finding 8-4. The alternative technologies that could replace
OB/OD could pose either more or less risk to personnel
depending on the munition and on the extent to which muni-
tions handling 1s required. The safety approvals currently
reqaired by the Department of Defense Explogsives Safety
Board for both OB/OD and CB and CD and their associated
demilitarization processes are adequate to minimize explo-
sive accidents and injuries.

Finding 8-5. Hold-test-release capability is neither neces-
sary nor appropriate for technologies treating conventional
munitions and associated wastes because of the difference
in acute toxicity between chemical warfare agents and the
components of conventional munitions.

Finding 8-6. The committee requested but was unable to
obtain safficient data to draw general conclusions regarding
the relative life cycle costs of OB and OD and the alternative
technologies, although the capital (startup) costs of the alter-
natives will likely be higher while the costs of environmental
monitoring and closure will likely be lower. Operating costs
of the alternatives appear to vary widely and in some cases
may be competitive with OB/OD.

Finding 9-1. There are no significant technical, safety, or
regalatory barriers to the full-scale deployment of alterna-
tive technologies for the demilitarization of the vast majority
of the conventional waste munitions, bulk energetics, and
associated wastes.

Finding 9-2. The implementation and use of alternative tech-
nologies 18 a function of how much funding is requested by
the Army and how much funding is appropriated, however,
both the Dol» and the Army have placed a relatively low
priority on funding the demilitarization program, including
the implementation of additional alternative technologies to
replace OB/OD, as reflected in their past budget requests.
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Finding 9-3. Uncertainty in the current and future funding
levels for demilitarization of conventional munitions is a
barrier to the development and increased use of alternatives
to OB/OD.

Finding 9-4. Absent a clear directive from Congress, accom-
panied by sufficient funding, it will not be possible for the
Army to implement full-scale deployment of alternative
technologies in lieu of OB/OD.

Recommendation 9-1. To enable the Department of Defense
and Congress to decide what level of resources should be
devoted to increasing the use of alternative technologies in
lieu of open burning (OB) and open detonation (OD), the
Office of the Product Director for Demilitarization should
prepare an analysis of the full life cycle costs of demulitar-
ization of the munitions in the stockpile using alternative
technologies and OB/OD to determine the funding necessary
to increase the use of aliernative technologies over various
periods of time and the impact of that increase on the demili-
tarization enterprise.

Finding 9-5. The goals and metrics in the 2018 Demilitariza-
tion Strategic Plan are focused on determining whether the
program is meeting or exceeding its planned reduction in
OB/OD and increase in Reclamation, Recycling, and Reuse,
but they do not set quantitative end points or time tables.

Finding 9-6. PD Denul’s stated goal is to increase the use
of contained disposal technologies. In addition, the Environ-
mental Protection Agency staff and state staff presentations
to the committes indicated an evolving preference to move

away from OB/OD. Public interest groups also support the
adoption of alternative technologies.

Finding 9-7. P> Demil has no implementation plan or pro-
cess for increasing the use of alternative technologies and
transitioning away from OB/OD.

Recommendation 9-2. The Office of the Product Director
for Demilitarization should develop a detailled implemen-
tation plan for transitioning from open burning and open
detonation to alternative technologies, with appropriate
performance metrics, and mstitutionalize it throughout the
Demilitarization Enferprise.

Finding 9-8. There is a potential that proposals for alterna-
tive technologies to replace OB/OD at the stockpile sites
could be contested by the public.

Finding 9-9. The public’s acceptance of technologies that
they view as being risky may be fostered if the Army adopts
more effective public involvement activities. Without proac-
tive attention by PD Demil to the ways that the perception of
technology and management are intertwined, public support
may be undermined. resulting in delays in full-scale deploy-
ment of alternative technologies to replace OB/OD.

Recommendation 2-3. The Office of the Product Director
for Demilitarization should, in coordination with the Joint
Munitions Command Public and Congressional Affairs
Office, include in its implementation plans proactive public
affairs activities that build on the experience of other suc-
cessful programs in resolving pubhic concerns.
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In Section 1421 of the National Defense Authorization
Act for Fiscal Year 2017, the U.S. Congress directed the
Department of Defense (DoD) to enter into an arrangement
with the Board on Army Science and Technology of the
National Acadenmues of Sciences, Fagineering, and Medi-
cine to conduct a study of the Dol conventional munitions
demilitarization program. The study can be summarized asg
an evaluation of alternative technologies for the destruction
of conventional munitions in lieu of open burming (OB) or
open detonation (OD). The statement of task (§OT) is shown
in Box 1-1.

The SOT specifically focuses on the DoD conventional
munitions demilitarization stockpile.! The Army sponsor for
this study, the Office of the Product Director for Demilitar-
ization (PD Deml), defines this as the munitions stockpile
currently being stored and destroyed at seven Army stockpile
depots,? referred to by the Army as “organic capabilities.”™
The SOT also inchudes private sector “industry partners”
that operate under contract to Dol} at various sites across
the United States. According to the PD Demil, these indus-
try partners are part of the Demilitarization Enterprise: they
are used to increase capacity beyvond what the seven Army
stockpile depots can execute.

The SOT not only reflects the directive of Congress,
but also establishes the basis for the National Academies

! Conventional ammunition awaiting demilitarization and disposal
stockpile. The total demilitarization stockpile as of September 30, 2017,
consisted of 430987 tons of munitions, with 28,153 tons consisting of
rockets and missiles and 402,834 touns consisting of conventional munitions.
J. McFassel, product director for demilitarization, PEQ AMMO, “Clarifica-
tions on Demilitarization Policies and Procedures for National Academy of
Sciences,” presentation to the committee, Getober 23, 2017,

> The seven Dol stockpile depots are Anniston Munitions Center; Blue
Grass Army Depot (BGAD); Crane Army Ammunition Activity (CAAA);
Hawthorse Army Depot; Letterkenny Munitions Ceater (LEMC): McAl-
ester Army Ammoenition Plant (MCA): and Tooele Army Depot (TEAD).

3 1. McFassel, product director for demilitarization, PEO AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the comunittee, August 22, 2017,

BOY 1.1
Statement of Task

Section 1421 of the Nallonal Defense Authorization Act for Fiscal
Year 2017 inciuded the foliowing slatement of task for the shudy:

&

A review o the current conventional munitions demilitar
{zation slockpile including types of munitions and types
0 thaterials contarninated with propellants or energelics,
and the disposal technologles used.

An anelysis of disposal treatment and reuse technolo-
gies, inciuding tlechnoiogies currently used by the Depatt-
mentand smerging sehnologies used of belng developed
by private or ofber goveroental agencles. nciuding a
colmpanison of cost hroughput capacity parsebnel salely,
and environmental impacts,

An identification of munitions fypes for which alternatives
Io open buming open defonation. or non-closed loop
incineration/combustion are nof used.

An idenlificalion and evaluation of any barrers to -
seale deplovment of allermatives 1o boen burbing, open
detonation. or mon-closed loop Incinemtion/combustion,
and recommendations to overcome such barriers

An evaliiation of whether the maturalion and deployiment of
govarnimental or privale lechuoibgies cuently in research
and development would enhance the conventional muni-
tions demilitarizalion capahilities of the Deparlment.
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contractual requirements for the study. The committee is
not permitted to exceed the scope of its work as set forth in
the SOT. Hence, the committee investigation and analysis
18 focused on the five tasks set forth 1n the 3OT and on the
current conventional munitions demilitarization stockpile.*

The words energetic compounds (or energetic materials),
explosives, and propelants are used throughout this report.
Energetic materials store chemical energy for later release.
It 1s a very broad term that encompasses all the chemical
components of military mumtions that cause the munition
to function as designed. FEnergetic compounds can include
explosives such as RDX, TNT, and/or lead azide and lead
styphnate used in warheads; propellants used in rockets and
missiles; and pyrotechnics used for such things as decoy
flares or illumination.

OVERVIEW OF THE CONVENTIONAL
DEMILITARIZATION ENTERPRISE

The Dol designates the Army as the Single Manager for
Conventional Ammunition, with the following mission:

Perform Life-cycle management for denulitarization of con-
ventional ammunition for the Department of Defense.

Demilitarization Enterprise strategic goals for PD Demil are
as follows:®

s FEfficiently reduce the demilitarization stockpile by
maximizing use of the capacity of the organic and
commercial mndustrial base;

s {Continuously improve the efficiency and effectiveness
of demilitarization capabilities within the eaterprise;

« Implement design for demilitarization for all new and
modified conventional ammunition products; and

= Increase the use of contained (“closed”) disposal.
resource recovery, and recyeling consistent with con-
tinuing o ensure ninimal exposure of personnel o
explosive safety risks.

Additional information about the Army’s organizational
structure that oversees conventional munitions demilitariza-
tion, the seven Do) stockpile sites, and the makeup of the
demilitarization stockpile is presented in Chapter 2.

4The munitions in the derilitarization stockpile conprise only a subset
of materiel currently treated by OB/OD at a variety of muilitary installations
ncluding amumunition production plants and practice ranges. While the
alternative treatment technologies discussed in this study will have applica-
tion for some of the materie] treated by OB/OD at these installations, this
materiel 1s not considered part of the depilitarization stockpile and therefore
operations at these siles are not discussed in this stady.

3 1. McFassel, product director for demilitarization, PLO AMMO, “Die-
militarization Overview for National Academy of Sciences,” presentation
to the comunittee, August 22, 2017,

6 Ihid.

~3

OVERVIEW OF DEMILITARIZATION TECHNOLOGIES

OB/OD of munitions has been a common demilitarization
technology for decades. OB conducted for munitions in the
stockpile at the stockpile sites consists mainly of spreading
out propeliants in an open-top metal burn pan located in an
open area, followed by ignition and burning. OD conducted
for munitions in the stockpile at the stockpile sites consists
mainly of placement of munitions in an outside pit, cover-
ing with adjacent soil, followed by detenation. Static firing
of rockets and missiles in the stockpile at the stockpile sites
1s typically conducted by securing the rocket or missile in a
stand outside, followed by ignition and buring. The com-
muttee considers static firing of rocket and mussile motors to
be another type of OB.

OB/OD operations are technically simple and relatively
straightforward. They are relatively mmeXpensive to conduct
ag compared to many of the alternatives (GAO, 2015). All
seven Army demilitarization depots currently have permitted
OB/OD facilites. While there have been safety incidents,
OB/OD technologies are consistent with the Demilitarization
Enterprise stated strategic goal of ensuring nunimal exposure
of personnel to explosive safety risk.

One of the primary downsides of OB/OD operations is
that, by definition, specifically referring to the word “open,”
by-products of the burning or detonation are released directly
inte the environment—plumes of smoke and particulate
matter are often quite visible during and following OB/OD
operations. OB/OD also often results 1n noise, shock waves,
and ground tremors. Energetic compounds are commonly
cjected and other contaminants, including heavy metals,
are commonly released to the surrounding media (air, soil,
water) during OB/OD events.

OB/OD permits have been issued for 53 locations; 7 addi-
tional locations are in interim status, with permits pending.’
The DoD holds 35 of these permits. Permits for hazardous
waste facilities, including OB/OD operations, are issued by
the U.S. Environmental Protection Agency (EPA) or autho-
rized states under the Resource Conservation and Recovery
Act (RCRA)Y. OB/OD RCRA permits are developed in
accordance with RCRA’s Miscellaneous Unit requirements
(40 CFR 264 Subpart X). According to EPA, RCRA permits
for OB/OD operations, as well as for alternative technologies
that fall under Subpart X, are built from a standard founda-
ton of RCRA regulatory requirenents. and then customized
for cach facility.® In order for a facility to receive an RCRA
permit, the operation must be protective of human health and
the environment—a statutory requirement of RCRA.

Alternative technologies currently in use that are compa-
rable to OB/OD may be characterized as contained burning
(CB) or contained detonation (CD). Dol also employs a

7K. Shuster, engineer, senior technical expert, U.S. EPA, “Alternatives
for the Demilitarization of Convertional Munitions,” presestation to the
comimittee on August 22, 2017.

# Tbid.
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number of preparatory or pretreatiment technologies (prior to
CB/CD) and resource recovery or recycling technologies for
various categories of munitions in the stockpile. Still other
alternative technologies being investigated by the Army are
in various stages of research and development, testing, and
evaluation.’?

The use of alternative technologies must also meet regula-
tory requirements under RCRA. As with OB/OD, in order to
receive an RCRA permit, alternative technologies must be
protective of human health and the environment. Depending
on the technology, some alternatives may be permitted as
incineration or combustion units. Many alternatives would
be permitted under RCRA Subpart X-—just as for OB/OD
operations. Because most of the alternatives entail some sort
of CB or CD and have back-end treatment for combustion
and detonation by-products, by their nature, these technolo-
gies limit the release of particulates and hazardous constitu-
ents into the environment to a relatively small amount.

With the possible exception of alternative technologics
that are considered to be incineration technologies, alterna-
tive technologies are generally viewed more favorably by
public interest groups. Incineration technologies have histor-
ically been opposed by public interest groups, although they
would offer far greater control over emissions from muni-
tion demilitarization operations than would OB/OD. These
technologies must also be permitted under RCRA (40 CFR
264 Subpart O) and employ back-end pollution abatement
systems prior to release of air emissions to the atmosphere.

The downside of many of the CB/CD technologies is that
they are typically more expensive to constiuct and systemize
than OB/OD, although closure activities under RCRA will
typically be less expensive for alternative technologies as
compared to OB and OD. The rate of treatment for alterna-
tive technologies, referred to as throughput, may also be
lower for alternative technologies because of technological
Iimitations {e.g., net explosive weight limitation. size of the
chamber) and operational hmitations (c.g., time needed to
prepare munitions, cool-down periods). Additional unifs may
be added to increase throughput, if allowed by permit. OB/
OD operations have throughput limitations as well, although
use of multiple burn pans or detonation pits, if allowed by
the permit, could be used to increase throughput for OB/
OD operations. OB/OD operations, however, mast comply
with specific weather conditions and time-of-day constraints
under the permit, which limits throughput. Alternative tech-
nologics can operate continually and without most of the
restrictions related to daylight or weather, though restrictions
such as pausing operations when lightning s in the area will
likely remain in effect. It is clear that the determination of
throughput is technology and munition-specific. Regardless,
considering the rather large size of the demilitarization stock-

2 J. McFassel, product director for demilitarization, PEO AMMOQO, and
O, Hryeak, chief engineer, Office of PD Demilitarization, PEO AMMQO,
“Emerging Technologies Addressing Alternatives to Open Burn and Open
Detonation,” presentation to the conunittee on August 22, 2017,

pife and the current demilitarization budget (see Chapter 2,
cost and throughput become important considerations.

OB and OD practices are described in Chapter 3. Alterna-
tive technologies are described i Chapter 4. Throughput and
cost are discussed in each of these chapters.

TRANSITION FROM 0B/0OD TO CB/CD

The last Demilitarization Enterprise stated strategic goal
listed above is to “Increase the use of contained (‘closed’)
disposal,'® resource recovery, and recycling consistent with
continuing to ensure minimal exposure of personnel to
explosive safety risks.” Thig goal 1s particularly pertinent to
this study. There appears to be a concerted and long-standing
effort on the part of Congress and the Army to investigate
and use alternatives in lieu of OB/OD.

The 106th Congress, House of Representatives Report
106-754 (to Accompany H.R. 4576), in its Appropriations
Bil} for the Fiscal Year ending September 30, 2001 (July 17,
2000}, inchuded the following statement:

OPEN BURN/OPEN DISPOSAL PRACTICES

The conferees are aware of public concern regarding possible
health risks to civilian populations associated with the open
burmng/open detonation (OB/OD) of munitions and equip-
ment at Army depots at various locations in the U5, Most of
these risks are believed to be associated with aitborne gases,
particles, and other contammants camied downwind of the
burn/detonation sites. The Army is directed to study potential
alternative closed disposal technologies that do not release
mto the atmosphere and to report to Congress no later than
September 30, 2001, on the possibility of phasing out OB/
OD 1o favor of closed disposal methods. The report should
mechude a review of technologies currently in existence and
uander development and assess the cost and feasibility of
constructing facilities erploying those technologies.

According to DoD’s Joint Demilitarization Technology
Report to Congress (PoD), 2000):

The Fiscal Year 1999 funding inchuded an additional $3.0
million to mnvestigate and develop safe. efficient. and envi-
ronmentally compliant technologies as alternatives to open
burmng/open detonation (OB/OD} to reduce the munitions
denulitarization stockpile.

According to the 2007-2012 Demilitarization Strategic Plan
(Do, 2006), under the general category 3.2.8 Strategic
Goal, Safety and Environmental Stewardship, Goal 3.2.8.1.5
is as follows:

19 The committee is using the termed “contained” versus “closed” for
two reasons, First, because most CB/CD systems eventoally release an air
stream to the environment, these systems are not truly closed. Second, the
copunittee wants to clearly differentiate the type of treatment {(open versus
coptained) from RCRA unit closure reguirements.
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Limit open burn/open detonation {OB/OD) 10 20% of execn-
tion to reduce its environmental impact.

In accordance with this goal, DoD» presented information
to the committee indicating that the Army has already sig-
nificantly reduced use of OB/OD in favor of CB/CD.M The
Army estimated that the use of OB/OD as demilitarization
treatment methods has declined from an estimated 80 percent
of demulitarized munitions in the mid-1980s to an average of
about 30 percent in recent vears as calculated by the commuit-
tee (see Chapter 23.12 This reduction appears to be due to a
combination of factors, including placement of some classes
of munitions back into serviceable accounts, increased use
of resource recovery and recycling, and transitioning to CB/
CD technologies.

The committee received a new demilitarization strategic
plan in late May 2018, just as the committee was in the pro-
cess of developing its first complete draft of the report. Titled
“Strategic Plan for the Demilitarization Enterprise,” it is
described further in Chapter 2. and Chapter 9 addresses spe-
cific elements of the new strategic plan in Chapter 9 as well.

THE COMMITTEE'S APPROACH

There are a number of closed OB and OD sites that are
currently being cleaned up ander various environmental pro-
grams. EPA shows 54 closed OB/OD facilities as subject to
cleanup.t* Some of these closed OB/OD facilities are owned
by entitics other than the Army. However, most of these units
were closed prior to obtamning RCRA operating permits. The
committee refers to these as “legacy” units or operations.

Contamination from legacy OB/OD operations may be
very different from contamination noted at permitted units,
as legacy units were not subject to the same types of controls
and conditions as exast for permitted units. One example is
the present-day use of burn pans for OB. These came into
use as a result of RCRA pernmut requirements. Prior to RCRA,
OB was done directly on the ground surface (FPA, 2002).
Simitarly for OD, some of the controls used and conditions
imposed now did not exist prior to RCRA. An example
would be diversion of surface water runoff at permitted OB/
OD sites to retention ponds (EPA, 2002). There are other
examples as well of RCRA permit requirements for OB/OD
units that would have the effect of imiting impacts to human
health and the environment.

Hyc. King, director for Munitions and Chemical Matters, HODA,
ODASAESOH), “Dob Open Burn and Open Detonation (OB/0D),” pre-
sentation to the committee on August 22, 2017,

12 1hid.

13 “Serategic Plan: For the Demilitarization Enterprise.” draft document
provided to the committee by J. McFassel, product director for demilitariza-
tion, PEO AMMO, via e-matl on May 25, 2018,

14X Shuster, engineer, senior technical expert, U.S. EPA, “Aliernatives
for the Demilitarization of Conventional Munitions,” presentation to the
comumittes on August 22, 2017,

In addition. many of the legacy units or operations
undergoing cleanup are complicated by contamination from
adjacent operations or processes. Some, for example, were
located adjacent to munitions production sites that released
the same types of constituents as are typically associated
with OB/OD sites.! In these cases, it is difficult to discern
whether the source of the contamination at legacy sites was
from the OB/OD operation, from adjacent operations or
processes, or more likely, a combination of both.

The implication for this study 1s that the cleanup of legacy
sites has no bearing on the comparison of existing RCRA
permitted OB/OD units with alternative technologies. These
legacy operations may have shaped public perception of
OB/OD, but present-day OB/OD operations are conducted
under an RCRA permit that federal and state regulators have
found to be protective of human health and the environment.
Therefore, the comparison of alternative technologies to OB/
OD operations that the committee is charged with addresses
only those Army operations that are permitted or seeking
perntits (interim status) under RCRA.

Another facet of this study that affects the scope of the
committee’s work pertains to the demilitarization stockpile.
Only a portion of these munitions are currently treated via
either OB or OD. Due to RCRA permit conditions or safety
concerns, many types of munitions are presently not treated
using OB/OD units. For example, permits for OB/OD units
prohibit treatment of chemical warfare agents, munitions
containing depleted uranium, and non-mass detonating
explosives. Munitions that are not treated at the stockpile
locations using OB/OD are not the focus of this study.

Also worth mentioning, there are a number of OB/OD
operations at facilities across the United States that do not
treat munitions in the stockpile. These include units “oper-
ated” by other military services {Air Force, Navy/Marines),
the Department of Energy (DOE) and some of its National
Laboratories, the National Aeronautics and Space Admin-
istration (NASA), and the private sector. They also include
OB/OD operations at ammunition plants and operations on
military ranges. There are also munitions denulitarization
projects being performed on formerly used training ranges
at closed and active military facilities. Demilitarization of
munitions during these operations is also not evaluated.
While this study will have implications for these other OB/
OD operations, in accordance with the SOT, this study does
not address them. Evaluation of applicability of the findings
and recommendations laid out in this report to these other
OB/OD operations may be helpful, however.

The SOT specifically calls out evaluation of “non-closed
loop incineration/combustion.” “Non-closed loop” is not
commonly used to describe incineration or combustion tech-
nologies. CB/CD technologies permitted today involve treat-
ment of the gaseous phase that results from incineration or
combustion, typically in an engineered poliution abatement

15 1hid.
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system that achieves established emission/contaminant lim-
its set by RCRA or the Clean Air Act, before being released
to the atmosphere. In this sense, all modern permitted
meineration or combustion processes are non-closed (open)
loop in that they release treated gases to the environment.
Technically, at this time there are no true closed loop incin-
eration or combustion gystems used for demilitarization of
conventional munitions. Some alternative technologies do
have the ability to hold and test emissions, and if appropri-
ate, re-treat them, prior to release to the environment. These
types of technologies are usually reserved for the treatment
of chemical weapons, where the toxicity of and potential
exposure to the chenucal agent 1s of primary concern.

Considering that the 80T is focused on alternatives to OB
and O, the committee has specifically avoided comparing
and contrasting “like technologies™ against cach other. For
example, there are several types of technologies used for
CB or CD. The Static Detonation Chamber (8DC) and the
Controlled Detonation Chamber (CDC) may both be used to
treat munitions in a contained system. In this report, these
technologies are contrasted against OB/OD, but they are not
purposely contrasted against each other.

Also smportant, while the SOT is clearly focused on
evaluation of alternative technologies, the baseline 1s OB and
OD. In the committee’s comparisons, alternatives are evalu-
ated against OB/OD as a baseline. For each type of alterna-
tive technology, the committee evaluated cost, throughput
capacity, personnel safety, and environmental impacts, as
required by the SOT. To ensure a thorough comparison
of OB and OD to alternative technologies, the committee
added a mumber of other criteria to its comparison. The full
set of evaluation criteria employed in the comparisons are
presented in Chapter 5.

The SOT requires evaluation of alternative technologics
and whether there are barriers to full-scale deployment of
alternatives to OB/OD. The committee makes no judgment
as to when or whether OB/OD technologies should be
replaced with alternative technologies.

The commitiee also decided to limit i#s assessment ©
technologics being used or rescarched within the United
States. The committee did not research technologies being
used or developed internationally unless they were already
being used, permitted, or rescarched within the United States.
Information on alternative technologies used or researched
i the United States were reviewed, however, even if they
are not carrently used on munitions maintained within the
demilitarization stockpile at the seven stockpile sites. These
technologies are also addressed in Chapter 4.

THE IMPORTANCE OF CONSIDERING REGULATORY
POLICY, HEALTH AND SAFETY CONCERNS,
AND PUBLIC CONFIDENCE

As mndicated above, OB/OD and most alternative tech-
nologics used to treat waste conventional munitions require

operating permits issued by FPA or authorized states. The
primary regulatory authority is regulations issued pursu-
ant to RCRA, mentioned previously, but the Clean Air Act
also applies in some cases. Under RCRA, OB of hazardous
waste 1s prohibited except for the OB and detonation of
waste explosives. Waste explosives include waste that has
the potential to detonate and bulk military propellants that
cannot be safely disposed through other modes of treatment
(40 CFR 265.332). EPA allowed OB/OD for waste explo-
sives and propellants at the time of the initzal prormulgation
of the RCRA regulations, recognizing that safe alternatives
to OB/OD were not available at the tume (45 FR 32655,
May 19, 1980). Subsequently, OB/OD units have received
RCRA operating permits under Subpart X as miscellaneous
units. The committee accepts that permiis issued for OB and
OD and slternative technologies meet the RCRA statatory
requirement to ensure profection of human health and the
environment,

EPA has no current regulation or policy that prohibits or
himits the issuance of RCRA permits for OB/OD facilities
or that promotes alternative technologies ! Similarly, two
authorized state environmental agencies with jurisdiction
over Army stockpile OB/OD facilitics stated that there is no
current regulation or official policy that prohibits or himits
the issuance of RCRA permits for OB/OD facilities or that
promotes the use of alternative technologics in lieu of OB/
OD.Y The EPA staff presentation to the committee included a
recently ipitiated project t identify aliernatives to OB/OD **
It was noted that the Draft Open Burning/Open Detonation
Permitting Guidelines issued in EPA Region 3 (February
2002 indicates that the permit applicant should inchide a
justification of the need for OB/OD, including the evalua-
tion of alternative technologies. However, these guidelines
were never made final, and, as with all regional guidance,
are nonbinding on authorized state regulatory agencies or
other regions.

Human health and safety concerns are of paramount
importance in operating any demilitarization operation.
While OB and OD both entail personnel safety risks, many
alternatives to OB and OD involve additional handling of
munitions, which could present an increased personnel safety
risk. Safety in the handling. transportation, and destruction of
stockpile munitions is imperative, and OB/OD and alterna-
tives must meet established explosive and safety criteria for
personnel and the public. Because of this, the Department

16 Respounse to information request submitted by the conunittee, docu-
ments provided via e-mail on October 20, 2017, by K. Shuster, engineer,
senior technical expert, 1.5, EPA.

17}.. Houseal, Pennsylvania Department of Eavironmental Protection,
“Pennaylvania Regulatory Perspectives,” presentation to the committee,
Drecember 11, 2017, S. Cobb, chief, Land Division, Alabama Department
of Environmental Management, “Alabama Regulatory Perspectives,” pre-
sentation to the committee, December £1, 2017,

18 Response to information request submitted by the committee, docu-
ments provided via e-mail on October 20, 2017, by K. Shuster, engineer,
sepior technical expert, U.S. EPA.
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of Defense Explosives Safety Board (DDESB) has a crucial
role in ensuring adequate protective measures for workers
and the surrounding area.'® Because DDESB reviews and
approves all OB/OD and alternative technology operations,
the committes accepts that OB/OD and alternative tech-
nologies have been determined to meet personnel safety
requirements.

This study also addresses public confidence in alternative
technologies and management of associated risks. It is well

nologies and how risks are managed can fimpact the design
and implementation of techoologies. Thus. the commitiee
melades public confidence as one of the ymportant evalua-
tion criteria for OB/OD and alternative technologies. Public
opposition to OB/OD and alternative technologies because of
how risks are perceived and weighed and public confidence
i management of risks has the potential to affect permitting
timelines and thus the ability of PD Demil to achieve its
stated strategic goals.

The committee notes that the language in the 2017
National Defense Authorization Act that required this study
came about because of continuing concerns about the human
health and environmental impacts of OB/OD that have been
expressed by public interest groups. Public opposition to CB/
OD has occwrred primarily around other facilities (other than
the seven addressed in this report) that treaf waste munitions
and also materials and wastes associated with conventional
munitions, including dunnage, production wastes, supple-
mental fuels, buildings and construction materials, and con-
taminated solvents. Public interest groups have raised objec-
tions because of concerns they have about potential adverse
impacts to public health and the environment, even though
the activities have been permitted in accordance with RCRA
standards.”® These include contamination to surface and
groundwater, soil, and air that may give rise to health risks,
especially for vulnerable populations and those living close
to the site. Public interest groups believe that emissions are
nadequately monitored and that information is poorly shared
with the public by the Army and regulatory agencies. They
have also cited muisance risks that residents i nearby com-
munities have experienced from OB/OD, inchiding propesty
damage from vibration and blasts (e.g., broken windows, and
broken dishes), noise, odors, and dust.

Regulatory issues are evaluated in Chapter 6. Chapters 7
and 8 contain the comparisons and evaluations required by
the SOT. Chapter 9 addresses barriers and other consider-
ations that might have an impact on the full-scale deployment
of alternative technologies. The concerns presented to the

BN Chiapello, executive director, DIVESE, “Department of Defense
Explosives Safety Board {DDESB) Organization, Functions, and Approv-
als)” preseatation to the comumittee, December 11, 2017,

2 In the course of its work the conumittee engaged with representatives
of the Califorasia Communities Against Toxics, the CeaseFire Campaign,
the Center for Public and Eavironmental Oversight, and the Environmental
Patriots of the New River Valley.

i1

committee by public interest groups are discussed in greater
detail in Appendix D.

A WORD ABOUT COST

One of the four criteria specified in the SOT 18 cost. Cost
formation associated with the alternative technologics was
not always available. The committee found that cost infor-
mation was often considered proprietary. In other cases, cost
formation, although requested, was not always provided.
In addition, where cost data were available to the committee,
this mformation was often presented in qualitative terms or
i a manner that was not conducive to direct comparisons
among technologies. Determining startup and operating
costs for technologies that may not be fully developed or
operational may also be speculative. Hence, the commitiee’s
consideration of cost was in general, qualitative terms.

A related cost issue pertans to fife cycle costs. which
includes the cost of unit closure and associated cleanup.
The cost of closing and cleanup of OB/OD sites can be sub-
stantial, particularly if groundwater is contaminated. While
there are himited cleanup cost data on legacy sites, these cost
data have himited applicability to the comparison of existing
RCRA permitted OB/OD units with cleanup costs of alter-
native technologies. Alternative technologies” cleanup costs
would normally be associated only with nonenvironmental
media {e.g., equipment and buildings). since under current
RCRA permits, any releases to environmental media from a
perntitted unit must be documented and corrected.

COMMITTEE MEETINGS AND PRESENTATIONS

In support of this study. the committee obtained informa-
tion and perspectives from a number of sources. In addition
to presentations by several organizations within the Army, a
representative of the DDESB, and a number of technology
vendors, the committee mvited presentations from the U.S.
EPA, and representatives from two states authorized under
RCRA, the Pennsylvania Department of Environmental
Protection and the Alabama Department of Environmental
Management. There were also presentations by representa-
tives of the California Communities Against Toxics, Cease
Fire! Campaign, and Eavironmental Patriots of the New
River Valley. These presentations, held in August, October,
and December 2017, were all simultanecusly webcast, which
allowed the public to hear the presentations and committee
questions and answers in real time. Appendix A of this report
identifies the various presentations made to the committee.

REPORT STRUCTURE

Chapter 2 describes the Dol demilitanization enterprise.
It outlines orgamzational responsibility within the DoD,
describes the demilitarization stockpile (i.e., locations,
types of munitions, amounts); identifies types of explo-
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sives, propellants, and related materials, including materi-
als containing or contaminated with energetic compounds;
and describes components of environmental concern (e.g.,
energetic compounds, metals). Further, it specifically identi-
fies munitions for which OB/OD are and are not being used.

Chapter 3 summarizes conventional OB/OD technologies
conducted under RCRA permits.

Chapter 4 provides summary descriptions of alternative
technologies. These include chemical and physical treatment
{c.g., hydrolysis, cryofracture), CB. CD, partial processing
steps, recycling and reuse, and emerging technologies.

Chapter 5 preseats the evaluation criteria used by the
committee to compare and contrast OB and OD with alterna-
tive technologies.

Chapter 6 addresses environmental permittin
OB and OD and for alternative technologies.

Chapter 7 addresses the potential applicability of the alter-
native technologies described in Chapter 4 to the stockpile
munitions that are currently being demilitarized using OB or
OD. This chapter offers examples of candidate technology
combinations and whole munition processes that are alterna-
tives ¢ OB/OD.

Chapter 8 presents a comparative evaluation of demili-
tarization technologies, inchuding bealth and safety, environ-
mental impacts, capacity and throughput, public opposition
and acceptance, cost and other attributes, as described in
Chapter 5.

Chapter 9 discusses bamriers and other considerations
that may impact the full-scale deployment of alternative
technologies.

g, both for

=k

Appendix A provides a summary of the committee’s
activities during this study.

Appendix B presents the draft criteria for use when con-
sidering alternative technologies that were provided by the
Cease Fire! Campaign.

Appendix C discusses the Military Munitions Rule.

Appendix D provides a broader discussion of the back-
ground of public opposition to OB and OD that resulted in
this study.

Appendix F provides biographical information about the
commiltee members.

Appendix F is an acronym list.
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ORGANIZATIONAL RESPONSIBILITY

In 2008, the Department of Defense (DoD) designated
the Secretary of the Army as the Single Manager for
Conventional Ammunition (SMCA; DoD, 2008). Part of
SMCA’s mission i3 to “perform life-cycle management
for demilitarization of conventional ammunition for the
Department of Defense.”™ Policy and oversight of SMCA’s
activities 1s delegated to the Assistant Secretary of the Army
for Acqusition, Logistics. and Technology. The designated
SMCA cxecutor 18 the Program Executive Office Ammuni-
tion, located at Picatinny Arsenal, New Jersey (Joint Ord-
nance Commanders Group, 2017). As SMCA, the Army
has responsibility for demilitarization of excess,” obsolete,?
or unserviceable® munitions for all of the military services.
Specifically, responsibility rests with the Office of Product

b Y. McFassel, product director for demilitarization, PEO AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the committee, August 22, 2017,

2 A munition i3 considered as excess if there is more of the item in
inventory than required for current training or operational plan seeds. The
Army expresses this information in the Total Aroy Munitions Requirement
(TAMR). If there is more of an item in storage than required by the TAMR,
the overage is considered excess. Considerable inventory of select munitions

may be retained in field service accounts for training needs. Other services
have a similar process. As the TAMR changes to reflect new operational
and training requirements, the number of munitions deemed to be excess
fluctuates. PD Denul told the committee that munitions are being placed
into and taken oot of the stockpile all the time.

3 A munition is considered obsolete if the weapon system that fired that
munition is no longer in service (for example, 8-iach artillery projectiles) or
if improved munitions have been developed and fielded in sufficient quanti-
ties such that the older munitions are no longer required {one example is
new tank projectiles that make existing projectiles obsolete).

+ A munition is considered unserviceable for the Army if it is assigned a
condition code other than A-E (A means fully serviceable; E means reqoiring
only a imited expense or effort to restore; and codes continue through the
letter ). The Aur Force and Navy have separate definitions for what they
counsider serviceable, but they are still based on condition codes. Condition
codes are deternuned and assigned by Quality Assurance Specialist (An-
munition Surveillance) (QASAS) personnel.

13

Manager for Demilitarization, which i3 subordinate to
Project Director, Joint Services (Figure 2.1).

Day-to-day management of the conventional munition
demilitarization enterprise 18 conducted by the product
director for demilitarization (PD Demil) based in Picatinny
Arsenal, New Jersey, and execution is coordinated between
the Joint Munitions Command (JMC), which owns the seven
depots where the conventional munitions stockpile is stored,
and the Aviation and Missile Command (AMCOM), which
makes decisions on the demilitarization of rockets and mis-
siles (Figare 2.1). IMC manages greater than 90 percent by
weight of the demilitarization stockpile consisting of “con-
ventional” munitions such as bombs, mines, and artillery
projectifes. AMCOM manages the stockpile of rockets and
missiles, which make up about 10 percent by weight of the
demilitarization stockpile. JMC and AMCOM coordinate to
determine the combination of conventional munitions and
rockets and missiles that are to be demilitarized in a given
year.

Note that only the seven IMC stockpile storage depots
shown in Figure 2.1 and commercial facilities under con-
tract with Dol> are considered to be part of the conventional
munitions demilitarization enterprise. Other JMC instal-
lations, including munitions production facilities such as
the Radford, Holston, Milan, and Iowa Army Ammunition
Plants, are not considered part of the demilitarization enter-
prise and are not within PD Demil’s managerial purview.
However, all of the installations shown in Figure 2.1 have
permitted open burning or open detonation (OB or OD) umits.
In fact, as of March 2017, 35 DoD installations, including
storage, manufacturing, research, development, testing,
evaluation, and training facilities, had permitted OB or OD
uits”

*J.C. King, director for Munitions and Chemical Matters, HQDA,
ODASAESOH), “Dol Open Burp and Open Detonation (OB/OD),” pre-
sentation to the conunittee, August 22, 2017,
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ARMY CONVENTIONAL MUNITIONS DEMIL MANAGEMENT

Program Executive Office Ammunition

Project Director Joint Services

Product Director Demilitarization

PUDIC L UMC s AMCOM
Affairs < > |
: i AMRDEC
| i Tooele ARDEC research
Radford : : research and
Hawthorne and development
Hoilston Blue Grass development
Milan is
Anmsﬁton Demil Enterprise — 88 total
lowa Crane full-time equivalents
{ ake City Letter P:(enny
i McAlester
Pine Bluff
Scr"a-nton T T T T L T T T T T T T T T T R T T T PP FE PP TP LY

Command and control
............... EXeCUtIOn

FIGURE 2.1 Executive responsibility for demilitarization of the stockpile of excess, obsolete, and unserviceable nwnitions rests with the
Army’s PD Dennl. The goveroment organizations comprising the Army’s conventional munitions demilitarization enterprise are shown within
the dashed box and 1nvolve some 88 full-time-equivalent (FT'E) emaployees. Denulitarization 1s executed by coordination between JMC for
conveniional munitions and Aviation and Missile Command (AMCOM) for rockets and mussiles. NOTE: Radford, Holston, Milan, lowa,
Lake City, Pine Blntt, and Scranton are not part of the demulitarization enterprise; AMRIDEC, Aviation and Missile Research Development

and Engimeering Center; ARDEC, Armament Research, Development and Engineering Center. SOURCE: Commuittee generated.

THE DEMILITARIZATION STOCKPILE greater than 10 percent of the stockpile, are “dual-purpose
mmproved conventional munitions” with projectiles designed
to eject and distribute submunitions for anti-armor and
anti-personnel effects. Other components requiring special
disposal procedures include depleted wranium and smoke-
producing munitions. The Arnmy maintains a Munition Items
Disposition Action System (MIDAS) database containing
details on the composition of the varicus munitions. The
motivation for the development of MIDAS was to facilitate
permitting of OB/OD umits as well as to reduce the use of
OB/OD through reclamation, recycling, and reuse (R3).°

As of September 30, 2017, the demuilitarization stockpile
(designated the “B5SA account”) consisted of 430,987 tons
of materiel, including 402 834 tons of conventional muni-
tions and 28,153 tons of rockets and missiles (Figure 2.2).
There are more than 7,000 individual types of munitions
in the stockpile. each identified by a unigue Department of
Defense Identification Code (DODIC). The top 10 DODBICs,
which comprise 32 percent of the stockpile by weight, are
shown in Figure 2.3.

Munitions are typically complex systems that include pro-
pellant, fuzing with a detonator, and a casing that holds the
high explosives. Some munitions are designed to holdand
dispense submunitions that have their own fuzing and explo- 57, McFassel, product director for demilitarization, PEO AMMO, “Mu-
sives. For example, DODIC nmnitions D563 and D864 (the nitions Items Disposition Action System (MIDAS),” presentation to the
second and third munttions shown in Figure 2.3}, comprising conumittee, December 11, 2017.
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Total demilitarization stockpile
430,987 tons

As of: September 30, 2017

FIGURE 2.2 The total weights of conventional mumnitions, rockets. and missiles in the demilitarization stockpile as of September 30, 2017,
SOURCE: Adapted from figure, “Clarifications on Demilitarization Policies and Procedures for National Academy of Sciences.” presenta-

tion to the committee, October 23, 2017.

Munitions Input into the Demilitarization Stockpile
by Fiscal Year (lonsg)

Fach year, new excess, obsolete, and unserviceable muni-
tions are placed into the demilitarization stockpile. Figures
2.4 and 2.5 show the total inflow (termed “generations” by
the Army) of rockets and massiles, and conventional muni-
tions respectively into the stockpile at the end of each fiscal
year from FY2008 to FY2017. Rockets and missiles are
typically accounted for by number, while the quantty of
conventional munitions is typically denominated in tons.
Also shown are the quantities that had been expected and
planned for in each fiscal year for comparison.

Over the past 5 years, the average number of rockets and
missiles added to the stockpile was about 86,600 per vear,
while the average quantity of conventional munitions added
was 53,700 tons per year. While planned-for and actual addi-
tions to the stockpile have sometimes diverged substantially
in the past, especially in FY2009 when a large number of
TOW russile training devices were added to the denulitar-
ization account with little notice, PD Demil believes that in
recent years the agreement between the two has improved,
and believes that this is not a major concern for the future.”
According to P Demil, accurate planning with regard to

i

generations of course enables greater efficiency in allocat-

" Strategic Plan: For the Demilitarization Enterprise, document provided
to the conunittee by J. MicFassel, product director for demilitarization, PEO
AMMO, via e-mail on May 25, 2018,

ing resources and manpower to execule the denuhitarization
workload.

End-of-Year Demilitarization Stockpiie
by Fiscal Year {fons)

Figure 2.6 shows the net demilitarization stockpile of
both conventional munitions and rockets and missiles (the
latter converted from count by number to tons) remaining
at the end of the fiscal years 2008-2017. After reaching a
peak at the end of FY2011, the net stockpile has declined by
an average of about 5 percent (28,000 tons) per year from
FY2011-FY2017.

Stockpile Storage Locations

As mentioned above, the demilitarization stockpile is
stored at seven depot locations around the continental United
States, as shown in Figure 2.7. These seven sites, along with
the associated mndustrial sites shown in Figure 2.7, are the
focus of this report.

Stockpile munitions may be treated at one of the stockpile
sites, whether by OB/OD or by an alternative technology, or
they may be shipped to a contractor site for treatment with
an alternative technology. According to PD Demil, contrac-
tor sites are not authorized by the Army fo treat nunitions
by OB/OD.

Copyright National Academy of Sciences. All rights reserved.
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FIGURE 2.3 Major demilitarization stockpile nunitions in tons. There are more than 7,000 different types of nunitions in the demilitarization

stockptle. The top 10 munmtions (shown here)} comprise 32 percent of the total by weight. SOURCE: J. McFassel, product director for demili-
tarization, PEG AMMO, “Demilitarization Overview for Mational Academy of Sciences,” presentation to the committee, August 22, 2017.
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FIGURE 24 Rocket and mussile input (by number} into the demuilitarization stockpile by fiscal year, compared with the nunber that had
been planned for. SOURCE: Derived from data provided by J. McFassel, product director tor demilitarization, PEO AMMO. via e-mail on
November 13, 2017.
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FIGURE 2.5 Munitions input (in tons) into the demilitarization stockpile by fiscal year, compared with the amount that had been planned for.
SOURCE: Derived from data provided by T. McFassel. product director for derilifarization, PEO AMMO, via e-mail on November 13, 2017.

TONS
600,000

@ Rockets and

Missiles

500,000

400,000 |

300,000 |

200,000 |-

100,000

% 5 &
0 H . . .

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
FISCALYEAR
FIGURE 2.6 End-of-fiscal-yvear mumtions and missile stockpiles, FY2008-FY2017. These are net amounts of conventional munitions,
rockets, and nussiles (number of individual rockets and missiles converted to tons) remaining at the end of each fiscal year, atter new rockets
and motors were received and scheduled rockets and motors were denulitarized. From a peak in FY2011, the net stockpile has declined by
an average of about 5 percent per year. SOURCE: Derived from data provided by J. McFassel, product director for demilitarization, PEG
AMMO, via e-mail on Novernber 13, 2017,
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FIGURE 2.7 Army conventional stockpile and demilitarization locations in the continental United States. The Army Denulitarization
Fnterprise wuchides the seven 1.8, Army depot installations (larger gold stars) where the conventional munitions stockpile {(B5A account)
18 stored, along with a small nomber of industrial sites that demilitarize mumtions by alternative technologies to OB/OD (smaller silver
stars), as of February 2018 WOTE: COCO: contractor owned, contractor operated; CONUS: continental United States; GI3-OTS: General
Dynamics Ordoance and Tactical Systems; GOCO: government owned, contractor operated; GOGO: government owned, government oper-
ated. SOURCE: “CONUS Demil Industrial Base,” document provided by J. McFassel, product director for denulitarization, PEO AMMO,

via e-mail on April 9, 2018.

Six of the seven stockpile storage sites are government
owned and government operated (GOGO). The exception
is Hawthorne Army Depot in Nevada, which is government
owned and coatractor operated (GOCO). The munition pro-
duction plants shown above i Figure 2.1, which are not part
of the conventional munitions demilifarization program but
do conduct OB/OD, are GOCQOs. According to the director
of public and Congressional affairs, IMC, due in part to the
steady encroachment of development and population near
these GOCO ammunition plants and the quantity of material
they treat by OB, these OB operations have been the focus of
more opposition from neighbors and public interest groups
than OB operations at the stockpile depots, which burn less
material and tend o be more isolated.?

3 Yanuary 16, 2018, telephoune interview with J. Barati, divector of public
and Congressional affairs, IMC, and the comunuittee.

DEMILITARIZATION PROGRAM FUNDING

Figure 2.8 shows the annual funding for the Army’s con-
ventional munitions demilitarization program from FY2008
to FY2018.

Overall funding increased from $134 million in FY2008
to about $251 million in FY2018. although funding has been
highly variable over the years. The Army projects that the
demilitarization stockpile will begin growing again because
additions to the stockpile will exceed the quantities that can
be demilitarized with the funds provided (DoDIG. 2017).
The National Defense Authorization Act for Fiscal Year 2019
(HR. 5515}, in reconciliation as this report was completed,
granted the Army request of 5158 million for demuhitariza-
tion activities.”

“HR.5515 - John 8. McCain National Defense Authorization Act
for Fiscal Year 2019, htps://www.congress.gov/bill/115th-congress/
house-bill/5515.
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FIGURE 2.8 Demilitarization program funding, FY2008-FY2018. Funding for the Army s conventional munitions demilitarization program
has generally increased since FY2008 but has been highly vaniable. There 1s a budget (orange bars) for research. development, testing, and
evaluation of technologies. SOURCE: Derived from data provided by J. McFassel, product director for denulitarization. PEO AMMO, via

e-mail on November 13, 2017.

The demilitarization budget i3 split roughly half and half
between organic operations (Army facilities and personnel)
and contractor activities (Figare 2.9). PD Demul stated to
the committee that the primary limitation on the quantity
of munitions demilitarized is not technological capability
of capacily, but rather budget.'® A December 2013 Army
Audit Agency report by the Army Deputy Chief of Staff
for Logistics {G-4) stated that the conventional munitions
demilitarization program is considered a lower priority by
the Army when compared to other needs, such as readiness
and operations (GAQ, 2015).

Finding 2-1. According to PD Demil, the primary fac-
tor determining the quantity of munitions demilitarized in
a given year 18 the budget, not technological capacity or
availability.

Overall demilitarization program funding includes a
research, development, testing, and evaluation (RDT&E)
program currently averaging about $17 million per vear. The

% 7. McFassel, product director for demilitarization, PEQ AMMO,
“Clarifications on Demilitarization Policies and Procedures for National
Academy of Sciences,” presentation to the conmuniitee on October 23, 2017,

decision-making process for ranking research projects in the
RDT&E program is discussed further below.

Figare 2.9 shows the funding allocation for various
aspects of demilitarization execution plan for FY2017 and
FY2018, mncluding conventional munitions versus rockets
and missiles, and contractors versus organic facilitics.

DEMILITARIZATION PROGRAM OPERATIONS

Before munitions enter the demilitarization stockpile (the
BS5A account), there is a review process to determine whether
they may be used for another purpose or sold, as depicted in
Figure 2.10. Some munitions in the demilitarization stockpile
can be diverted to other uses rather than being disposed of.
For example, some artillery projectiles may be suitable for
avalanche control operations. Some small-arms ammunition
is sent to law enforcement agencies such as the FBI. And
munitions can be given or sold to foreign governments for
their use (Hrycak and Crank, 20155,

Formulation of the Army’s annual demilitarization
plan begins with the use of a decision-support tool called
the Demilitarization Optimizer (Figure 2.11). PD Demul
indicates that the optimizer is designed to maximize the
stockpile tonnage that can be demilitarized in a given year

Copyright National Academy of Sciences. All rights reserved.
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FIGURE 29 Funding allocation for various aspects of the demilitarization program budget in FY2017 and FY2018. NOTE: OCONUS:
outside the continental United States. SOURCE: Demil Execution Plan Snapshot, document provided by J. McFassel, product director for
demlitarization, PEO AMIMO, via e-mail on April 9, 2018.
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FIGURE 2.10 Alternatives for disposition of excess munifions prior to entering the demilitarization stockpile. NGTE: “Spotters and warm-
ers” refers to the alternate use of projectiles deemed unsuitable for combat use to warm the gun barrel (“warers” used to prepare the gun

for maximum accuracy) and to indicate the point of mmpact (spotters) for the purpose of adjusting the aiming and trajectory to accurately
impact the target. SOURCE: Hrycak and Crank (2015).
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FIGURE 2.11 Schematic diagram of the database Demilitarization Optimizer tool. This too! assists in determining the annual demibitarization
workload, and includes a large number of nputs and constraints (see text for further discussion). Minimizing cost/ton given the constraints is
the optimization objective. NOTE: AWCE: Army Working Capital Fund; E-ILS: Enterprise Integrated Logistics Strategy (the JIMC strategic
plan on managing organic nstallations); PCH: packaging, crating, and handling: LMP: Logistics Modemization Program. SOURCE: US.

Army, “Denul PMR Optimizer Process,” presentation, May 2017.

given the assigned constraints, such as budget.!! Inputs to
the program wclude mandates such as policies prioritizing
the destruction of specific types of munitions and cost data
mcluding cost estimates of man-hours per ton. Minimizing
cost-per-ton is not an assignable constraint, but rather is the
optimization objective. The three most common constraints
imposed are (1) Program Objective Memorandum dollars:!?
{2) mandates, such as minimum tons that must be treated
per location, MIDAS family, or treatment process; and (3)
“no-ship” requirements for munitions designated for OB/
OD or incineration.'? The no-ship constraints are placed in
the optimizer to himit transportation of munitions between
nstallations because transportation is considered a non-
value-added activity, in addition to being costly. PD Demil
estimates that the average transportation cost is $1,000/ton
within the continental United States.!* According to PD
Demil. conscious decisions are made to ship assets between
organic installations, generally due to lack of capability at

YIS, Arovy, “DPemil PMR Optimizer Process,” presentation, May 2017.

12 A Program Objective Memorandum is a proposal from the Services
and Defense Agencies to the Office of the Secretary of Defense (OSD)
concerning how they plan to allocate resources to accomplish their missions
over the next 5 years.

13175, Army, “Demil PMR Optimizer Process,” presentation given in
May 2017.

14 This estimate includes shipping costs as well as the costs of removing
the items from storage, preparing them for shipping, and then reversing the
process on the receiving end. J. McFassel, PD Demil, in an e-mail to the
committee on September 6, 2018,

the existing site.!S Since alternative treatment technologies
cost more than OB/OD per ton, the use of the optimiizer alone
will not priontize the substitution of alternatives for OB/OD
in the annual demilitarization workload.

According to the Army, demulitarization decisions about
rockets and missiles are made separately using many of the
same factors. Rocket and missile motors can pose a stability
hazard in long-term storage as the stabilizer in the propellant
grain degrades, but would be unhikely to rise to the top of
the optimizer list based on gross weight alone. Nevertheless,
PD Demil demilitarizes several types of rocket and missile
metors cach year, in part to remove potentially unstable
motors from the stockpile as expeditiously as possible. The
annual execution process is depicted in Figure 2.12.

DEMILITARIZATION PROGRAM RESEARCH,
DEVELOPMENT, TESTING, AND EVALUATION

As noted above, the Army’s demilitarization program
maintains an RDT&E program of some $17 million per year
(FY2017) for the exploration and enhancement of demihi-
tarization technologies. There 15 a well-defined, mwultistep
procedure for reviewing and selecting RDT&E projects
{(Figure 2.13) based on specific criteria. Central to the process
is an integrated product team that evaluates the proposals
quantitatively according to the set of criteria.

P May 92,2018, conference call with J. McFassel, product director for de-
militarization, PEO AMMO, the commities, and Jim Myska, study director.
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FIGURE 2.12 The decision process for determining the anunnal demilitarization plan for stockpile munitions. SOURCE: Hrycak and Crank

(2015).

Three categories of criteria are used to prioritize proposed
RDTE&E projects for funding. Within each category, criteria
are given a weighting from 1 to 5 (highest):!®

1. Financial: This includes degree to which demili-
tarization cost 18 reduced compared to the previ-
ous method, the total project cost, and return on
mvestment;

2. Ixecution: This includes the total tonnage affected
in the stockpile, total length of the project, and
the degree to which demilitarization throughput is
increased; and,

3. Technical: This includes the degree to which the
project increases the technology readiness level or
manufacturing readiness level of a technology, the
degree to which it addresses a capability gap, the
degree to which it increases efficiency, and the degree
to which it is omnivorous —that is, possesses the abil-
ity to demilitarize multiple types of munitions with a
single set of equipment or processes.

In FY2017, 21 RDT&E projects were being supported
{(Table 2.1). Note that all have some degree of maturity: PD
Dermnil stated that it does not fund “science projects” under
this program.

There 13 an indirect connection between the anpual
demilitarization program plan and the evaluation of RDT&E

18 3. Hrycak, chief engineer, PD Demil, PEQ AMMO, Demil 2017,
RDTE FY 17 Project Selection Process, Septenber.

project proposals. Every 6 months, PD Demil conducts
an analysis of the top 400 munitions in the stockpile (by
weight), and this document serves as a source docament for
both the demilitarization optimizer (see Figure 2.10) and the
RDT&E program.!” The Army tries to include at least one
rocket or missife motor type in the RDT&E projects cach
year.'® Finding alternatives to OB/CD is not a criterion used
in selecting RDT&E projects for funding.

Finding 2-2. Despite the Army’s stated strategic goal of
replacing OB/OD with alternative contained treatment
technologies. reducing the use of OB/OD is not an explicit
criterion used to evaluate projects in PD Demil’s RDT&E
program.

Recommendation 2-1. The Army should include the poten-
tal to reduce the use of open burning and open detonation as
a criterion used to evaluate candidate projects in Office of the
Product Director for Demilitarization’s research, develop-
ment, test, and evaluation program.

17 September 27, 2017, conference call with Todd Kimmell, commiitee
chair, Doug Medville, committee vice-chair, Jim Myska, study director, and
Greg Eyring, consultant.

18 Septentber 27, 2017, conference call with J. MicFassel, product director
for demtlitarization, PEO AMMO, the committee, and Jim Myska, stody
director. The number of rocket and missile motors destroyed each year will
likely increase when the facility designed for this purpose at Letterkenny
Munitions Center comes on line.

Copyright National Academy of Sciences. All rights reserved.
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FIGURE 2.13 Research, development, testing, and evaluation project selection process. SOURCE: O. Hrveak, chief engineer, Office of PD

5

Dremubitanization, PEO AMMO, and J. McFassel, product director for demilitanization, PEC AMMO, “Demil RDTE FY 17 Project Selection

Process,” presentation given September 28, 2017.

ARMY CONVENTIONAL DEMILITARIZATION
PUBLIC AFFAIRS PROGRAM

The potential for increased scrutiny of OB/OD resulting
from the concerns of the public near sites that conduct OB/
OD operations and congressional inquiry has been a motiva-
tor for use of altemative treatment technologies. Testimony
to this commitice by public interest groups has confirmed
that these groups not only want to see OB/OD phased out,
but also want to have a voice in the alternative treatment
technologies that are selected.!® Experience has shown that
engaging the public can expedite decision processes for
technology selection and deployment and improve system
designs and operations. In recognition of this, the committee
considers public confidence in technologies and technology
management as a criterion for the evaluation of alternative
technologics in this report, as discussed in Chapter 5.

The Public and Congressional Affairs Office that manages
public affairs for the seven conventional munitions stockpile
sites discussed m this report is attached to, and funded by, the
IMC headguarters at Rock Island Arsenal (see Figure 2.1).
The director of the Public and Congressional Affairs Office

9 10 the course of its work the committee engaged with representatives
of the California Communities Against Toxics, the CeaseFire Campaign,
the Center for Public and Eavironmental Oversight, and the Environmental
Patriots of the New River Valley.

reports to the IMC chief of staff, and the relationship to PD
Demil and the Denulitarization Enterprise 1s informal. This
same office, which has a total of eight staff (six government
and two contractors), also oversees public affairs at eight
other IMC installations, including the Army munitions pro-
duction plants (Holston, Milan, Radford, and Iowa) that are
not considered part of the Demilitarization Enterprise (see
Figure 2.1).

The Public and Congressional Affairs Office typically
responds to specific calls for assistance by a site commander,
Congress, media, or public concerns. Consistent with Army
Regulation R 360-1, The Army Public Affairs Program,
that office sees its role as providing accurate information
to encowrage confidence in, and support for, Army activi-
ties.? Specifically with regard to OB/OD, this can involve
providing information that is intended to counter negative
public perceptions. One example 13 in the Open Detonation/
Open Burning Tactical Communcation Plan at Crane Army
Ammunition Activity (CAAA):

Educate and influence key stakebolders at the local, state and
national level related to the issue of open burning and open

% Janwary 26, 2018, interview with Justine Barati, director, Public and
Congressional Affatrs Office, the committee, Jim Myska, study director,
and Greg Eyring, consultant.
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TABLE 2.1 The FY2017 Demihitarization RDT&E Project Scoring and Ranking for 21 Funded Projects

Project Type Project Name Score Rank
N3 Ammoniumn Perchlorate Rocket Motor Destraction (ARMD) Facility Multiple Rocket Motor Firing 36 1
OG Castalia Assessment 24 2
[88] Static Detonation Chamber (SDIC) Assessment 32 3
NS Reactive Armor Tile Thermal Treatment 31 4
OG Area Dental Artillery Munition (ADAM) Cryogenic Processing 298 5
OG APE 1236 Rotary Kiln Incinerator (RKI) Feed System Upgrade 2.94 6
0OG Copperhead Disassembly and Demilitarization 2.9 7
oG MNavy Gun Explosive D Cutting and Washout 2.88 8
oG Riot Analysis of Alternatives {AcA) 2.8 9
OG OB/OD Emission Testing 2.78 10
0G Fagine Starter Cartridge Static Firing 27 11
oG Rockeye Download 262 12
NS Cryogemc Demilitarization of Rockeye 26 13
NS CS Riot Pilot Scale Thermal Testing 2.6 14
NS Static Fire Emission Characterization 24 15
OG Auvtomated Disassemnbly and Size Reduction of Armor Tiles 24 16
NS ME46 Torpedo 22 17
NS G826 Grenade Demil 2.4 18
oG Red Phosphorous Demonstration 208 19
NS D361 Improved Conventional Mumition Demilitarization 1.9 20
NS Beolk Energetic Confined Burn 16 21

NOTE: The process 13 based on the criteria discussed n the text. NS, new start; OG, ongoing. SOURCE: O. Hrycak, chief engineer, Office of P De-

militarization, PEOG AMMO.

detonation (OB/CID) in an effort to counter current and future
misinformation about the OB/OD process. By being trans-
parent, and by more effectively educating local communities
and local/state/national leadership, CAAA will build support
for all operations at CAAA, including demulitarization effort,
specifically, OB/OD (emphasis added).!

Thus, the Public and Congressional Affairs Office is not
designed to focus on public engagement or two-way com-
munication. This approach has imphcations for public accep-
tance of potential alternative demilitarization technologies,
as discussed further in Chapter 9.

ARMY SAFETY PROGRAM

The overall structure and capability of the Army demili-
tarization safety program follows the generally accepted
norms and guidelines of many industrial safety and cccupa-
tional health systems (NSC, 2001). Acute risks associated
with the conventional munitions demilitarization safety

2L p¢ discussed ia T, Barati, director, Public and Congressional Affawrs
Cffice, Joint Munttions Conunand, “Public Engagement by the Joint Muni-
tions Conmand (JMC), presentation to the committee, Decernber 11, 2017;
and emphasized in the objectives outlined in CAAA, 2016,

effort are overseen by the U.S. Department of Defensc
Explosives Safety Board (DDESB), and this body has an
established framework that mcludes policies, directives,
standards, instructions, and approvals.®

The DDESB has established a tiered management system,
or policy framework, that has four distinct levels: %

1. Apolicy level as cutlined by DoD Directive 6055 09E,

“Explosives Safety Management” (DoD, 2017a);

A program level as outhined by DoD Instruction

6055.16, “Explosives Safety Management Program”

Doy, 2017b);

3. Dob Manual 6055.09-M, “Department of Defense
Ammunition and Explosives Safety Standards™;
and®*

4. A risk management integration process as docu-
mented by the Chairman of the Joint Chiefs of Staff

ra

22 T. Chiapello, executive director, DDESE, “Department of Defense
Explosives Safety Board (DDESB) Organization, Functions, and Approv-
als,” presentation to the commitiee on December 11, 2017,

* Ihid.
4 Dol Manuals (6055 .9-M, DoD Ammunition and Explosives Safety
Standards (Volumes 1-8)), bttps://www. whdg org/ffc/dod/manuals.

[P

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00041



Alternatives for the Demilitarization of Conventional Munitions

AN QVERVIEW OF THE UN. ARMY DEMILITARIZATION PROGRAM

Instruction 4360.01, which operationalizes explo-
sives safety (CICSI, 2014).

The DDESB addresses acute risk and limits its overview to
aspects of explosives and chemical agent safety. Its approv-
als include, but are not limited to: hazard classifications,
protective constraction designs, and site plans, including the
operating conditions or operating license.

Through the Dol acquisition process as outlined in
DoD Instruction 5000.02, dated Jamary 7, 2015, debiberate
checks and balances are in place to ensure that all personnel,
military, civilian, and in the surrounding community, will be
appropriately protected from harm. As with any hazardous
operation, the safety of personnel depends on execution per
procedure (including appropriate and adequate training) and
the safety leadership and culture.

A number of incidents®® have occurred during OB/OD
and alternative technology operations since 2004 (Table
2.2y, During this period, hundreds of thousands of tons of
munitions were demilitarized. A majority of the incidents
mvolved workers performing preparation activities or physi-
cal operations on the munitions: accidental®® detonation dur-
ing fuze removal operations, accidental deflagration during
cutting and size reduction of rocket motors and removal of
energetics, accidental injuries associated with disassembly,
handling, and download of submunitions, and accidental
detonation during explosives removal are examples. Fewer
incidents occurred during OB/OD operations than dur-
ing contained disposal technology (CDT) operations and
RDT&E activities.

Munitions demilitarization by any means requires that
the nunitions be handled, moved, prepared for OB or for
OD. and for alternative technologies and combinations
of these technologies, may require some disassembly and
other processing steps, prior to energetics destruction in a
contained chamber. In general, as the number and complex-
ity of processing steps increases, the potential for accidental
detonations, deflagrations, and fires also increases. The
need for munitions handling and processing as part of any
demifitarization operation will depend on several factors:

2 Use of the term “accident” is discouraged in the safety profession,
as it denotes that an cident could not have been prevented. Members of
the safety profession prefer the use of the word “incident.” Incident: An
unplanned, undesived event that hinders completion of 2 task and may
cause injury, thness, or property damage or some combination of all three
in varying degrees from minor to catastrophic. Unplanned and vadesired
do not mean unable to prevent. Unplanued and undesired also do not mean
unable to prepare for. Crisis planning is how people prepare for serious
ncidents that occur that require reapouse for mitigation. Accident: Defini-
tion is often similar to incident, but supports the mindset that it could not
have been prevented. An accident is the opposite of the fundamental inten-
tions of a safety program, which is to find hazards, fix hazards, and prevent
wcidents. By accepting that accidents have no cause, one assumes that they
will happen again (Mottel et al., 1995, pp. 201-202).

26 Although the comumittee prefers the term “incident,” the term “acei-

dent” is used here and in Table 2-2 because it reflects the characterization
of the incident by the sponsor.

25

the mumition configuration and its internal components, its
shock sensitivity, the degree to which manual vs. automated
(robotic) handling and processing 18 involved, and the num-
ber of opportunities for accidents to take place (a greater
number of processing steps may result in a higher probability
of an accident). Alternative demilitarization technologies
that mvolve more manual operations in handling and prepa-
ration than OB/OD are likely to pose greater safety nsks,
while those that are highly automated may pose reduced
safety risks compared with OB/OD, at least to personnel.

In its 2018 Strategic Plan,” the PD Demil Vision commits
the organization “to continuously modernize for safety.” The
commuttee recognizes that both the demilitarization opera-
tions and the RDT&E activities are generally hazardous.
The committee considers the accidents (incidents) listed in
Table 2.2 to be regrettable and preventable. The Army and
its contractors have developed safety procedures for current
operations. and the committee assumes that these procedures
will be developed for alternative technologies. In addition,
safety and health are being addressed in the Dol Acquisition
work processes. The Army’s safety processes are certified by
the American National Standards Institute.

Finding 2-3. The Army demilitarization program appears
to have instituted an effective safety management program.

DEMILITARIZATION TECHNOLOGIES USED
TO TREAT THE STOCKPILE

Current demilitarization methods include the following:

= (OB/OD:

¢ Explosives removal;

¢ Disassembly;

+  Cutting and resizing;

¢ Incineration and contained burn;
s+ Contained detonation; and

= R3.

Specifics of the demilitarization technologics that fall n
these categories are discussed in detail in Chapter 4.

PD Demil presented to the committee four strategic goals
of the demilitarization enterprise:

1. FEfficiently reduce the demilitarization stockpile by
maximizing use of the capacity of the organic and
commercial industrial base;

2. Continuously improve the efficiency and effec-
tiveness of demilitarization capabilities within the
enterprise;

7 Straregic Plan.: For the Demilitarization Enterprise, draft document
provided to the committee by J. McFassel, product director for demilitariza-
tion, PEO AMMO, via e-mail on May 25,2018,
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TABLE 2.2 Incidents Associated with OB/OD and Alternative Demilitarization Technologies from 2004 1o 2017

Serious Tnjury, Death, or Equipment

Type of Incident Damage Estimated Cost to Government Organization Date
Accidental detonation of boried Serious mjury (o ope operater Eess than 3500000 to replace OB/OD Operations 2004
submunition during prepping excavation excavation equipment

operations on range

Accidental detonation during explosives Moderate to serious damage to More than $500,000 in CDTRDT&E 2005
removal and chemical conversion process equipment and building equipment and building
operations damage
Accidental detonation of explosives Muoderate to serious damage to More than $500,000 in CI¥T Operations 2006
during accessing of energetics in equipment and facilities equipment and building
sreparation for treatment damage
Accidental fire during flashing of Moderate to serious damage to More than $500,000 in COTRDT&E 2009
energetic residues from denulitarized equipment and facilities equipment and building
metal components damage
Accidental injuries associated with the  Moderate to serious arm, hand, and Unkuown cost and lost time to CD'T Operations Multiple mjuries
disassembly, downloading, and handling finger injuries to multiple operators government 2009-2011
of submunitions during demilitarization  duriag processing
processing
Accidental deflagration during Death of two operators; Unknown cost to governiment  CDTRDT&E 2010
energetics recovery for reuse operations  damage to facility and equipment
Accidental detonation of munitions Moderate to serious damage to More than $300,000 in CDTRDT&E 2012
during removal of energetics using equipment and facilities equipment and building
ultrasonics damage
Accidental deflagration during cutting  Sigmificant damage to both equipment  Unknown cost to goverament  CDT 2012
and size reducing of rocket motors and facility requiring replacement of Operations
cutting equipment
Accidental detonations of submunitions Moderate damage to both equipmert  Unknown cost to government  CDT Multiple events
during fuse removal operations and facilities Operations 2012-present
Accidental detonation of sebmumition  Minor damage to eguipment and Less than $500,000 i CDTRDT&E 2014
during milling operations {o remove facilities equipment damage

explosives

Accidental premature detonation during  Minor ear injury to two operators due  Less than $500,000 o update  OB/OD Operations 2015

range prepping operations to blast over pressare expostre electrical firing equipment on

range
Accidental deflagration during removal  Minor damage to equipment Less than $100,000 in CDTRDT&E 2016
of energetics from red phosphorus equipment damage
munitions
Accidental detonation during thermal Moderate damage to equipment Less than $500,000 in CDTRDT&E 2017
treatment of submunitions replacement cost

SOURCE: Table derived from data provided by US Army Demil to the committee in August 2017,

3. Implement design for demilitarization for all new and With regard to the contained disposal technology portion of

modified conventional ammunition products; and goal 4, two metrics are offered:

4. Increase the use of contamed (“closed”) disposal,

resource recovery, and recycling consistent with 1. “Percentage of annual tonnage of munitions demili-
continuing to ensure minimal exposure of personnel tarized using contaned disposal technologies. ... The
to explosive safety risks > metric will be caleulated by dividing the total amount
of demilitarization conducted using contained dis-
These four goals are reaffirmed in a Strategic Plan docu- posal technologies at both organic and commercial
ment provided by PD Demil to the committee i May 2018, sites by the total amount of demifitarization executed

i a year.” It will be based on reports from the depots
and industry contractors, to be monitored by JMC
and PD Denul. The Army suggests that a year-by-
vear increase in thiz percentage will be considered

28 J. McFassel, product director for demilitarization, PEQ AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the conunittee, August 22, 2017,
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a success, although no specific target percentages or
timetables for reaching them are offered.

2. “Total configurations in the stockpile for which con-
tained disposal technology exists or 1s feasible. The
source of this metric will be the stockpile analysis
conducted by IMC Industrial Capabilities Division.
It will focus on configurations associated with the top
400 DODICs in the stockpile by weight.” The Army
says that it should show an increase from the previous
year, although once again no specific target mumbers
or timetables for reaching them are offered.

PD Demil’s Strategic Plan is discussed further in Chapter 9.

Below, with regard to strategic goal 4, the guantities of
munitions currently demilitarized by OB/OD versus alter-
native technologies are discussed, along with the Army’s
rationale for making this choice.

Munitions Demilitarized Organically by Open Burning
or pen Detonation

Only organic facilitics, not contractors, are authorized to
conduct OB/OD operations. According to data supplied by
P Demil,® in FY2016 and FY2017 the average quantity
of conventional munitions and rockets and missifes demubi-
tarized was 75,474 tons each vear. Over that period, the
average guantity demilitarized by OB/OD was 23,203 tons
per vear, or about 30 percent per vear.! According to Doby,
this represents a substantial reduction in the use of OB/OD
as a demilitarization method compared to the mid-1980s,
when it is estimated to have been used for about 80 percent
of munitions, rockets, and missiles.

Finding 2-4. According to data provided to the commitiee
by PD Demil, the use of OB/OD as demilitarization treat-
ment methods has declined from an estimated 80 percent of
demilitarized munitions in the pud-1980s to an average of
about 30 percent in recent years.

Only a portion of this decline in the use of OB/OD is
due to the use of alternative contained burn or contained
detonation technologies; another factor 1s the mcreased use
of munitions disassembly enabling the recovery and reuse of
energetics and other munition components.

2 Strategic Plan: For the Demilitarization Enterprise, draft document
provided to the comnuttee by J. McFassel, product director for demilitariza-
tion, PEO AMMO, via e-miail on May 25, 2018,

¥ §. McFassel, product director for dentilitarization, PEC AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation

to the committee, August 22, 2017,

31 When caleulating the 30 percent, rockets and nissiles that were demili-
tarized by static fire were grouped with those open burned.

32 §.C. King, director for Munitions and Chemical Matters, HQDA,
ODASAESOH), “DoD Open Burn and Open Detonation (OB/OD).) pre-
sentation to the commuittee, August 22, 2017,

According to PD Demil, the top reasons stated by the

Army for continued use of OB/OD for certain munitions and
rockets and missiles were

+  Personnel safety: Safety issues may arise from
increased handling required by alternative
technologies.

*  Characteristics that make treatment in contained
systems difficult: These may be a result of the muni-
tion’s size, design, or composition, or they may be
due to the type of explosive or energetic compounds
in the munition.

¢« Cost-effectiveness: According to Army demilitar-
ization management,” the direct costs/ton of OB/
OD are lower than the costs of contained treatment
technologies.

«  No on-site alternative treatinent capability available:
This reason was frequently cited but may bhe largely
a cost issue (packaging, crating, handling. and trans-
porting the munition to a site where alternative treat-
ment is available. or building an alternative treatment
capability at a site where it does not presently exist).

*  Emergency situations: Munitions that are deemed
unstable or incapable of being transported must be
teated by OB or OD 3

One example of a munition characteristic that can make
treatment in contained systems challenging i3 shaped charges
that are designed to penetrate armor plating with an explo-
sively formed jet of hot gases and molten metal created by
the detonation of the specially shaped explosive. As such,
even though they may have a relatively small net explosive
weight. shaped charges detonating in a contained detona-
tion or incineration chamber or vessel are likely to damage
the chamber or containment vessel and render it inoperable.
Similarly, munitions with a large net explosive weight are not
suitable for disposal in currently available alternative tech-
nologies without size reduction because they exceed the net
explosive weight containment capability of the incineration
chamber or explosive containment vessel. Note that muni-
tions may be placed in this category due to the large size
of their propellant systems as well as their high-explosive
main charge.

According to one estimate, OB/OD operations cost $750/
ton,> while contained disposal operations cost from $2,000/

35 ¥ McFassel, product director for demilitarization, PEO AMMO, and O.
Hrycak, chief engineer, PD Denul, PEO AMMO, “Emerging Techunologies
Addressing Alternatives to Open Burn and Open Detonation,” presentation
to the conumittee, August 22, 2017,

3 J.C. King, director for Munitions and Chemical Matters, HQDA,
GDASAESOH), “DioD Open Burn and Open Detonation (OB/OD),” pre-
septation o the committee, August 22, 2017,

** This estimate is based on historical data. According to PD Demil, in
FY2018 the cost of treating propelling charges by OB was less than $750/
tonn. J. MeFassel, product director for demilitarization, in 2n e-mail to the
committee on September 6, 2018,
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ton to $20,000/ton depending on the munition > A 2017 DoD
report cited average demilitarization costs including all tech-
nologies as $2.890/ton (DolIG, 2017). The costs of OB/OD
and alternatives may be more comparable if the full life cycle
costs are considered, including clean closure of the OB or
O facility (see further discussion in Chapter 9). However,
based on the data above, the operational costs of alternative
technologies could be considerably higher than conducting
OB/OD in currently permitted units. Another cost consid-
eration mentioned by the Army is that it may not be cost
effective to custom-design a contained disposal technology
for small quantities of specific types of munitions or rockets
and missiles that are considered unigue in some capacity.

Hecovery, Hecyeling, and Reuse

According to information provided by PD Demul, 74
percent of the stockpile munitions demilitarized in FY2015
mcluded a component that was B3> The FY2007 National
Defense Authorization Act enabled monies derived from
recycling of metals derived from demilitarized munitions to
be returned to the demilitarization program to help defray
costs. On average, the RS program collects $5.6 mithion in
proceeds each year®® The cost-effectiveness of converting
energetics derived from munitions or rockets and massiles
nto commercial products such as charges for the mining
industry, fertitizer, or other useful chemicals depends heavily
on current market conditions, which can be highly variable.
PD Demuil identified this as an obstacle to transferring a
greater portion of converted energetics to commercial use
and generating more money for the demilitarization program.

Munitions Demilitarized Grganically by
Alternative Technologies

According to information supplied to the committee by
PD Demil, munitions treated by alternative technologies
at the organic depots are demilitarized primarily by using
meltout or washout to recover the high explosives, or by the
ammunition peculiar equipment (APE) 1236 deactivation
furnace or APE 1400 rotary kiln incinerator (RKI; for red
or white phosphorus munitions). Based on data received

36 1. MicFassel, product director for demilitarization, PEQ AMMQG, and O.
Hrycak, chief engineer, PD Demil, PEO AMMO, "Emerging Technologies
Addressing Alternatives to Open Burn and Open Detonation,” presentation
to the committee on August 22, 2017, Contained denulitarization costs
vary greatly from small arms processed in a rotary kil on the low end, to
lquid-fueled nussiles having the fuel detanked, treated, and then having the
effluents treated as hazardous waste, on the high end. Contained demilitar-
ization costs also involve significantly more labor costs than OB or OD.

37 J. McFassel, product director for demilitarization, PEO AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the committee, August 22, 2017,

38 J. McFassel, product director for demilitarization, PEQ AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the conunittee, August 22, 2017,

from PD Demu! from 2012 1o 2017, top reasons for choos-
ing alternative technologies at organic facilities include the
following:

+  Unpredictable results if treated by OB or OD;¥
e Risk of OB/OD range contamination by chemicals
of concern {e.g., depleted uranium, asbestos, white

phosphorus);

e Opportunity for R3 for use as donor charges for OD
operations;

+  Permit limitations on OB/OD net explosive weight;
and

¢ Riusk of uncontrolled distnbution of munitions or
components from excessive kick-outs® from the

detonation {e.g., some fuzes, submunitions).

Capabilities of the Demilitarization Industrial Base

P Denul indicates that some 40 to 50 percent of the
Army’s conventional mumitions demilitarization budget is
spent at contractor facilities and for contractor activities at
Army facilities. Since FY2013, more than 100,000 tons of
munitions have been treated under commercial contracts by
a small number of contractors (Figure 2.7) using various
alternative technologies (discussed in Chapter 4) Although
all of these contractors offer the capability to demilitarize
enfire munitions, inchiding more complex munitions —for
example, projectiles and bombs containing submunitions
having shaped charges —other contractors offer more spe-
cialized and limited services. All of the contained demiki-
tarization systems feature pollution abatement systems that
treat exhaust gases,

MATERIALS CONTAINING OR CONTAMINATED
WITH ENERGETICS

In addition to munitions in the demilitarization stockpile
(B5A account), various types of contaminated nonnmunitions
waste materials and nonmunitions explosive-contaminated
materials at Army facihities must be treated before final dis-
posal due to their possible contamination with propellants,
explosives, or pyrotechnics. Nonmunitions waste materials
resulting from the disassermbly and demilitarization of con-
ventional munitions may mchide wooden pallets, wooden
boxes, metal banding. ammunition links. ammunition cans,
cardboard boxes, or plastic sheeting. Nommunitions explo-

¥ An exaniple would be a situation where burning of a bulk munition may
cause a deflagration or detonation of the munition, creating a safety hazard.
4 The term “kick-out” is not defined in Do) Manual 6055 .9-M. How-
ever, it 1s a term commonly used to describe whale or partial munttions or
still-active energetics that are ejected from the site of a disposal burs or
detonation and that still represent a potential explosive or reactive hazard.
#1 J. McFassel, product director for demilitarization, PEQ AMMO,
“Clarifications on Demilitarization Policies and Procedures for National
Academy of Sciences,” presentation 1o the committee on October 23,2017,
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sive-contaminated materials generated from demifitanization
of conventional nunitions may mclude bulk propellant con-
tainers, explosive-contaminated coveralls and gloves, metal
fragments, cartridge or projectile bodies, and disassembly
equipment. Although the majority of contamnated mateni-
als generated and treated at the seven demilitarization sites
originate from the conventional munitions demilitanzation
program, at some demilitarization sites explosive-contami-
nated materials are also generated due to activities that are
unrelated to the conventional munitions demilitarization pro-
gram. All of these waste-contaminated materials are tracked
but are not weighed or counted* IHence, the committee
was unable to assess the quantity of materials contaminated
with propellant, explosives, or pyrotechnics that are being
processed at demilitarization stockpile facilities.

Materials that have come n contact with energetics are
considered to present an explosive hazard until it has been
verified as a material documented as safe. If the Army is
unable to certify a material as safe, then it is considered to
be a material documented as an explosive hazard. Prior o
being released to the public (e.g., as scrap for recycling) or
to the Defense Logistic Service Disposition Service siles,
this material must be certified as safe through a controlied
process consisting of either two, independent, 100 percent
visual imspections or reatment designed to remove or destroy
any residual explosive or reactive compounds (DoDy, 2017¢).

Contaminated waste solids are sometimes soaked in fuel
oil to facilitate combustion, while contaminated liquids, which
may include (but are not limed to) acetone, toluene, hexane,
fuel oil, minor amounts of 1,1,1 trichlorcethane, cyclohexa-
none, denatired alcohol, dimethvliflorcamide, and methylene
chioride, are typically combustible (CAAA, 2016).%

Demilitarization sites conduct burns of nonmunitions
waste and explosive-contaminated materials, unrelated to the
demilitarization program to support installation-wide house-
cleaning activities. On average, a demilitarization site will
conduct burns of energetic-contaminated matenials generated
from the conventional munitions demilitarization program 5
or & days per month.*

Material documented as an explosive hazard can be trans-
ferred to be handled at both private and government facilities
outside the facility where they were generated. This requires
comphance with DoD regulations, which include proper
documentation of chain of custody, their management and
disposition in accordance with federal or state hazardous
material and hazardous waste regulations, regulations for
transportation, training of personnel that releases the mate-
rials, and so on (Do, 2017¢). Receiving facilities require
proper permits, facilities, and procedures to handle these
materials, as well as trained personnel. Hence, materials

¥ Handling of Energetics Contaminated Non Munitions Wastes, docu-
ment provided to the commitiee by 1. McFassel, product director for de-
militarization, PEG AMMO, via e-mail on May 9, 2018.

43 Thid.

+ Tbid.
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contaminated with encrgetics can also be sent to hazardous
waste treatment faciliies that satisfy these requirements in
fieu of OB,

Finding 2-5. Nonmunitions waste materials, including sol-
vents and other organic liquids, positively identified as pyro-
technic, explosive, or propeflant-contaminated are treated via
OB at some of the stockpile demilitarization sites.

Recommendation 2-2. The Office of the Product Director
for Demilitarization should investigate the use of alternative
treatment or disposal methods, including commercial treat-
ment, storage, and disposal facilities, for positively identified
pyrotechnic, explosive, or propellant-contaminated nonmu-
nitions wastes.
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This chapter describes the processes used at the seven
stockpile depots for performing munitions depilitanization
using open burning (OB) and open detonation (OD) and pro-
vides background information on the procedures. hazards,
and environmental impacts of OB/OD.

OB/OD has historically been the standard method for
disposal of excess, unserviceable. or obsolete military muni-
tions because it 18 a technically simple method of disposal
that is frequently the least expensive and easiest to perform.
OB and OD have, however, come under mcreasing scrutiny
and criticism from environmental regulators and public inter-
est groups and local residents for their potential human health
and environmental impacts.

COMPONENTS OF ENVIRONMENTAL AND
PUBLIC HEALTH CONCERN

An acceptable demilitanization technology would destroy
munitions components while producing emissions or efflu-
ents that are within regulatory risk ranges. Becaunse complete
destruction of energetics or other chenucals of concern is
generally not achievable with any technology, trace amounts
of substances of potential public health and environmental
concern may be released. This is particularly true of OB/
O, where residues such as smoke, soot. and various gases
are released directly to the environment. The possibility
that human or environmental exposures to those substances
might occur has been a source of concern for the Army, the
U.S. Environmental Protection Agency (EPA), states, and
comnunities in the vicinity of demilitarization facilities for
some time (see Appendix D).

Several classes of substances associated with munitions
demilitarization may be of public health or environmental
concern. Those include nitramine explosives (RDX, HMX);
other nifrosated explosives (e.g., nitroglycerine, TNT); ele-
menfal metals (e.g., aluminum, arsenic, cadmimm, chrommam,
copper, cobalt, iron, lead, magnesium. mercury, silver, zinc);
volatile and semi-volatile organics (¢.g., 2 4-dinitrotoluenc,

1,3-butadiene, benzene, methylene chloride, phthalates);
polyeychic aromatic hydrocarbons (products of incomplete
combustion, ¢.g., benzolalpyrene, benzolalanthracene);
chlorinated dioxins and furans; and perchlorate (a component
of some propellants). Those substances may be released
during OB/OD to the air, groundwater, surface water, and
soil. Contained systems generally have back-end pollution
abatement systems that treat offgases prior to being released,
with liguid and solid residues being captured and treated
according to the Resource Conservation and Recovery Act
(RCRA) permits. Hence, while some of the same contami-
nants may be generated following treatment with alternative
technologies, contained technologies are typically designed
to mitigate releases to the environment as prescribed in the
facility’s RCRA or Clean Air Act ({CAA) permifs.

A recent study characterized air emissions in the down-
wind plume following OB/OD activities involving a number
of different propellants and munitions (Gullett et al., 2016).
Analytes included particulate matter. carbon dioxide, carbon
mencxide, methane, volatile organic compounds, chlorine
species (HCI, chloride, chlorate, perchlorate), polvchlori-
nated dibenzodioxins and polychlorinated dibenzofurans,
and particulate-based metals. Combustion was sometimes
incomplete, depending on the nunitions treated. That study
used an aerostat-lofied mstrument package to analyze emis-
sions following actual OB/OD activities at & munitions
depot. That study, as well as a following study that sampled
OB plumes using sensors mounted on an unmanned aerial
vehicle (Awrell and Gullett, 2017}, yielded resalts that were
consistent with an earlier study (the “Bang Box” study),
which also characterized air emissions from OB/OD of vari-
ous similar munitions, but did so using instruments nside
a confined chamber and small volumes of explosives and
propellants (Wilcox et al.. 1996).

Substances generated by munitions demilitarization
become potential threats to human or environmental health
only if exposure occurs, and only 1f that exposure cccurs in
a manner hkely to produce adverse health effects. The mag-
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nitude and character of health effects that a particular demifi-
tarization site or activity poses to installation personnel or
the public can be characterized by performing human and
environmental health risk assessments, often a requirement
of RCRA permitting for OB/OD units. Risk assessments
evaluate exposures that might occur directly —via groundwa-
ter, sarface walter, soil, and air—as well ag indirectly —such
as by consuming contaminated wildlife—and estimate the
likelihood that the exposures will result in adverse conse-
quences. The extent to which risk assessment plays a role
in establishing pernit conditions for OB/OD operations and
alternative technologies is discussed in Chapter 6.

OVERVIEW OF OPEN BURNING AND
OPEN DETONATION

During both OB and OD the munitions to be demilita-
rized are destroyed by either burning or detonation, result-
ing in destruction of the encrgetics, demilitarization of the
munitions, and release of energy in the form of heat, light,
and shock. Residues of OB/OD include atmospheric emis-
siong and fragments of the munitions components that are
not consumed during the burning or detonation, and result
in contaminated soil and sometimes groundwater as well.
The munitions may require varying amounts of preparation,
ncluding disassembly to separate energetic components or
removal of environmentally hazardous components that may
not be disposed of by burning or detenation.

Both OB and OD at the Army stockpile depots are
performed under RCRA permits issued by EPA or EPA-
authorized state agencies. These permits impose a number
of restrictions intended to enhance safety and limit impacts
to human health and the environment. The following are
typical permit restrictions governing the performance of
OB and OD:

s Netexplosive weight (NEW) himits. The NEW limits
can be any combination of (1) the maximum amounts
of energetics per burn pan or disposal pit, (2) the total
of all burn pans or disposal pits in one burn operation
or detonation event, or (3) allowable totals per day
or per year. Each RCRA permit has specific NEW
restrictions.

e Limits on the number of burns or detonations per day.

+  Meteorclogical limits (e.g., average wind speeds
between 3-20 miles per hour, wind direction away
from publicly accessible arcas, and less than 50 per-
cent chance of precipitation).

More information on permitting is provided in Chapter 6.
Although handling and using energetics and high and low
explosives is inherently hazardous, as discussed i Chapter 2,
the Office of the Product Director for Demilitarization (PD
Demil) has a good safety record for performing OB/OD.

According to information provided by the PD Demil! there
have only been two accidental detonations resulting in two
minor injuries and one serious injury during OD operations
since 2004.

The following descriptions of OB/OD were developed by
reviewing nine Army depot standard operating procedures
{SOPs). Note that one SOP for static firing of rocket motors
was reviewed,” and the committee categorizes static firing
of rocket and missile motors as OB because the rocket or
mussile motor propellant is burned and the products of com-
bustion are directly emitted to the atmosphere.

The 30Ps reviewed by the comnuttee are:

+  Blue Grass Army Depot (BGAD) SOPs for OB/CD
(BGAD, 1996),

¢ Crane Army Ammunition Activity (CAAA) SOPs for
OB/OD (CAAA, 2017a and 2017b),

e Letterkenny Army Depot (LEAD) SOP for OD (Iet-
terkenny Army Depot, 2017),

+  McAlester Army Ammunition Plant (MCAAP) SOP
for OB (McAlester Army Ammunition Plant, 2017),
and

+  Tooele Army Depot (TEAD) SOPs for OB, OD,
and static firing (Tooele Army Depot, 2017a. 20170,
2017¢).

The operations and procedures summarized in the follow-
ing sections are not intended to be detatled or all encompass-
ing. Instead, these summaries are intended to provide the
reader of this report with (1) a basic understanding of how
OB/OD s performed at the depots to help the reader evaluate
the challenges and impacts of implementing alternatives to
OB/OD at these facilities, addressed in later chapters, and
{2y an understanding of variations in the procedures used and
in the type and guantity of materials handled and disposed
of by OB/OD at the seven Army depots that are the focus
of thig study.

The committee notes that the SOPs vary significantly in
their style and level of detail. For example, the OB SOP for
BGAD 18 38 pages in length versus 204 pages for the CAAA
OB SOP. This is because (1) the type and volume of material
being disposed of at the two depots are significantly differ-
ent, and (2) the depots are authorized to develop and wnple-
ment their own local procedures in order to comply with
their specific RCRA permits and other local requirements as
long as they also comply with all DoD and Army technical
requirements such as DoD 6055.9-M? and Army technical

LOB/OD Accident Info, document provided to the committee via e-mail
on October 6, 2017, by John McFassel, product director for denulitariza-
tion, PEO AMMO.

2 Static firing of rocket and missile motors is the process of mounting the
rocket or missile motor in a fixed position on 2 special stand and mitiating it
o allow the propellant to burn while the motor is held in place.

* Dol Marnuals (6055.9-M, Dol Ammunition and Explosives Safery
Standards (Volumes 1-8)), hitps//www.whdg org/ffc/dod/manuals.
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manuals (DA, 1982). The commitice believes that the SOPs
provided for review by the Army are typical of those used
at the other Army stockpile depots and represent the range
of types and volume of OB/OD performed.

Bpen Burning

“Open Burn” 18 defined in DoD Manual 6055.9-M,
Volume 8, as, “An open-air combustion process by which
excess, unserviceable, or obsolete munitions are destroyed
to eliminate their inherent explosive hazards” (DoD, 2012).
Figures 3.1 and 3.2 show examples of OB operations.

OB is techmcally appropriate for the disposal of muni-
tions, bulk energetics, and other waste materials that are
unlikely to detonate and are more prone to burning when
ignited. Examples of such munitions, bulk energetics, and
waste materials include the following:

s Small arms awmunition (SAA): The only energetics
in SAA are a small, smokeless powder propellant
charge, a small primer, and a tracer in some SAA car-
tridges. These ignite or “cook off” when adequately
heated, demilitarizing the SAA. OB of SAA i3 fre-
guently performed in a containment cage or “popping
furnace” or, in the case of CAAA 1 “pipe pits.” As
with all OB, the resulting air enussions are released

directly to the atmosphere, and residues, consist-
ing of melted projectiles and brass cases from the
burned SAA, are left in the furnace to be periodically
removed.

Bulk propellants and other nondetonating energetics:
Propellants removed from SAA and larger projec-
tiles, rockets, and missile systems, and bulk propel-
iant from propelling charges are appropriate for OB.
They are either removed from the weapons system,
spread out on a “burn pan,” and remotely ignited or
{in the case of rocket and missile motors) can be static
fired (Figure 3.3 shows a static fire operation). In both
cases, there 1s very hittle physical residue from the
energetics remaining at the OB site, as most of the
energetics 18 consumed by the burning process. Only
smnall amounts of ash remain after the burn, but, as
with all OB, all of the airborne emissions are released
directly without treatment to the atmosphere. The ash
18 removed following cach OB event for subsequent
disposal, typically as hazardous waste.

Bulk explosives: Some bulk explosives are suitable
for disposal by OB because they tend to burn effi-
ciently and not detonate unless they are confined and
the detonation is initiated by an adequate explosive
initiator, such as a blasting cap. The process for
burning bulk explosives is similar to that for OB

FIGURE 3.1 An open burn operation at the Hawthorne Army Ammunition Depot. SOURCE: Joint Munitions Command Public Affairs
Office.
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FIGURE 3.2 An open burn operation at Letterkenny Munitions Center. SOURCE: Joint Munitions Command Poblic Affairs Office.

of bulk propeliants. The possibility of a high-order
detonation during burning exists, so adequate separa-
tion distance between the OB site and personnel and
structures is required.

o Waste contaminated with propellant, energetics,
and other contaminants: Some of the depot RCRA
permits authorize them to dispose of flammable
contaminated material by burning, usually on a bed
of scrap such as contaminated wood or other flam-
mable material. In this case the burn is often started
and sustained with added fuel oil.

The following general information and description of
procedures for OB is based on the OB SOPs reviewed.

The range of material authorized for disposal by burning
under the 50Ps varies from being limited to only bulk propel-
lant and propelling charges (¢.g., at BGAD and TEAD) to the
materials that may be burned at CAAA. CAAA s authorized
to burn Composition B shudge; Explosive D and Explosive
D contaminated material; rocket motors; white phosphorous;
scrap red phosphorus and red phosphorus sludge; flare, smoke,
and ignition compositions; contanuinated waste solids (soaked
in fuel oil to enable combustion); and contaminated liquids

that are “positively identified as pyrotechnic, explosive, or
propeliant (PEP) contaminated.” These contaminated higuids
“include. but are not himited to, acetone, toluene, hexane, fuel
oil, minor amounts of 1,1,1 tichloroethane, cyclohexanone,
denatured alcohol, dimethyifloroamide, and methylene chio-
ride,” and other “contaminated solvents and sludges.”

The size and volumes of OB operations range from two
burn pans that can be used a maximum of three times each
24-hour period (BGAD), with an estimated daily production
rate at BGAD of 15000 1b of explosives and propellants,
to the OB operation at CAAA, which i3 authorized to bumn
the range of hazardous material as described above with the
maximum per-pan burn linit based on the type of material
being burned. The NEW limits at CAAA vary from a fow
of 25 Ib for black powder, pentolite, and PETN to 1,000 1b
of Composition B explosive and 1500 b wet weight for
certain propellants that are shipped wet, such as “large web
smokeless powder.”™ The CAAA SOP includes procedures
for performing OB in

4The CAAA SOP has different NEW limits and procedures for “small
web smokeless powder” {defined as propellant used in 3-in. and smaller
projectiles) and “large web smokeless powder” {defined as propellant used
in projectiles larger than 3-in.).
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FIGURE 3.3 Static firing (a form of OB) of Shrike rocket motors at Letterkenny Munitions Center. SOURCE: Joiunt Munitions Cormmand
Public Atfairs Office.

¢ FHighteen steel pans.

s Three steel “studge burn pans.”

¢ “Incinerator pits” with concrete containment floors
and walls with the floor covered with a minimun of
6 in. of sand or a sand and clay mixture.

¢« Two “pipe pits,” which are wood dunnage-fueled
systemis with a munitions feed system using forced
alr “fire boxes” for burning small arms, cartridges,
primers, tracers, detonators, blasting caps, and other
munitions with relatively low NEW.

s An “mcendiary cage,” which consists of the wood
dunnage-fueled burn cage and a conveyor feed sys-
tem that is used for burning larger flares, pyrotechnic
signals, rmanitions candles, sirmulators, mortar prim-
erg, fuzes, small rocket motors, propellant charges,
and other munitions with a greater NEW than is
allowed in the “pipe pit.” This facility has a sand-
covered concrete floor, and the burning can take
place directly on the sand-covered concrete floor or
in steel boxes placed atop the sand-covered concrete
floor, depending on the method of feeding munitions
into the systent. Burning divectly on the sand-covered
concrete pad is performed to dispose of material
that includes, “but should not be limited to: wood,
cardboard, fiberboard. metal parts, plastics, ordnance

hardware; projectile bodies, cartridge cases, mine/
bomb skins, propellant containers/cans, that have
been partially decontaminated by other methods, that
18, physically emptied. burned. steam melted, water/
chemically desensitized, or that have been visu-
ally inspected by qualified personnel, to assure that
only minimal explosives are present.” Fuel-scaked
wooden dunnage is used to fuel burns on the concrete
pad.

e A “flashing pad complex”™ consisting of steel pans
or boxes placed inside pits that are used to burn
explosives, projectiles, and warheads that have been
vented so that the explosives are unconfined.

All of the SOPs limit burning operations to periods of
daylight when specific meteorological conditions are met
mcluding wind direction and speed, cloud cover, visibility,
humidity, and ensuring that conditions are not conducive for
lightning strikes.

The SOPs frequently have other restrictions prohibiting
burning certain compounds, including hexachloroethane and
other riot control agents, white phosphorus. plasticized white
phosphorous, and red phosphorous (examples of depots with
these restrictions are BOGAD and LEAD). Not more than 55
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gallons of solvents are specifically authorized for burning
per day at MCAA.

The Army depots bave consistent procedures for inifiating
the burns, and two methods of ignition, electric and nonclec-
tric, are authorized for use. Some of the depots specify one
type of ignition and others allow both types. Nonelectric
ignition consists of a mechanical pull igniter and safety fuse
(also known as “time fuse™) attached to an ignition charge
burn nitiator (locally prepared bags of smokeless powder).
Electric igmition uses electrically fired “squibs”™ that are
placed in the burn initiator bags and functioned to mitiate
each burn. In both cases the time fuse or the squibs are placed
in locally prepared bags of smokeless powder, which are, in
turn, placed and ignited in the burn pan or other apparatus
to igaite the material to be burned. Most of the SOPs allow
wood dunnage soaked with fuel o1l be included in the burn
to help ensure ignition.

Most of the 50OPs have oversight and quality inspection
requirements by “surveillance personnel” or the depot’s
Quality Assurance Department, but these requirements vary.

The SOPs all employ the following general OB procedures:

1. Techmicians don the required personal protective
equipment for each operation.

2. A specified cooling time of approximately 2 hours
must be observed following a previcus burn. Some
SOPs require taking temperature readings in the pans,
while others allow water to be sprayed on the pans as
a cooling technique.

3. Usually the burn pans are cleaned of residue from the
previous burn with subsequent containerization and
disposal.

4. Inspections are made o ensure proper bonding
{grounding) of the burn pans.

5. Required local notifications are made to the depot
environmental and range managers and approval to
initiate the burn is received.

The following procedures are implemented for each burn:

1. The material to be burned is ransported to the site
and placed or poured into the pan(s). This is some-
times required to be a specific depth (a 3 in. deep
layer at BGAD and McAlester Army Ammunifion
Plant), while other depots specify various depths of
material and NEW depending on the type of material
being disposed of (CAAA).

2. Most personnel depart, while a minimum number
of technicians remain at the burn pans to install the
ignition systems in each burn pan.

3. Depending on the type of ignition system used (elec-
tric or nonelectric), either the mechanical pull igniters
are initiated and the technicians depart the area in a
prepositioned safety vehicle to the designated obser-

vation point or the technicians depart to the firing
point and initiate the electric squib 1gnitors.

The following procedures are implemented following
the burn:

1. Serviceable propellant containers are placed in stor-
age for reuse. Unserviceable propellant containers
are nspected, crushed, and removed as scrap.

The required wait time 18 observed following the

burn, and water wet-down of the pans may be per-

formed if authorized.

3. After the wait and cooling time the technicians per-
form an nspection. If there is unburned and “kicked-
out”™ propellant, it is collected for addition to the next
burn.

4. Residue from the burn is removed from the pans and
placed in drums for disposal as hazardous waste by
the depot’s environmental division.

5. Various methods for documenting the burns is com-
pleted. This varies from completing detailed forms
to maintaining a range Jog book.

ra

Open Detonation

“Open Detonation” is defined in DoD Manual 6055.9-M
as, “An open-air process used for the treatment of excess,
unserviceable, or obsolete munitions whereby an explosive
donor charge initiates the munitions being treated.” Figure
34 shows an OD operation. Figure 3.5 shows munitions
being prepared for venting, which 1s explosively punching
holes in the munitions casing, to expose the filler material
and s considered to be OD because 1t is possible that the
venting may cause a high-order detonation. Figure 3.6 shows
the results of a venting operation.

Munitions and explosives that are likely to reliably deto-
nate when initiated are technically appropriate for OD . OD is
commonly performed by placing the munitions to be demuili-
tarized into a prepared trench or pit, placing donor charges
in contact with the munitions, placing prepared detonation
initiators on the donor explosives, covering the prepared OD
“shot” with soil removed from the trench (a process known
as “tamping” designed to decreasce the noise, shock, and
debris ejected from the detonation), and then initiating the
disposal detonation from a distant and protected location.
The detonating donor explosives initiate almost immediate
“sympathetic detonations” in the munifions, causing the
munitions to also detonate, resulting in their denulitarization.

OD generally results in a greater amount of solid resi-
due remaining at the site because there s usually a greater
volume of inert components (such as bomb and projectile

“The term “kick-out” is not defined in DoD Manual 6055.9-M. However,
it is a term conunonty used to describe whole or partial munitions or stifl-
active energetics that are ejected from the site of a disposal burn or detona-
tion and that represent a potential explosive or reactive hazard.
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FIGURE 34 Anopendetonation at Letterkenny Muaitions Center. SOURCE: Joint Munitions Command Public Affairs Office.

FIGURE 3.5 Techuniciang prepare bombs for venting (a form of OD) at the Crane Army Ammunition Activity. SOURCE:
Joint Munitions Command Public Affairs Office.
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FIGURE 3.6 Vented bombs at Crane Army Ammumition Activity. SOURCE: Joint Munitions Command Public Affairs Office.

cases) input into the OD process compared to OB. Although
the components and heavy steel cases of the munitions are
demulitarized, they are not “consumed” by the detonation and
are not actually “destroyed.” The inert components are shat-
tered into fragments of varying sizes by the detonation, and
the fragmented metal components, dispersed by the detona-
tion, remain in the disposal rench and the surrounding area
as defined by the fragmentation distance of the detonation.
This makes the cleanup of solid residues from OD more
time-consuniing and costly than cleanup of residues from
OB, which are most often confined to a burn pan.

Examples of munitions that are appropriate for OD demil-
itartzation are munitions that are filled with high explosives
and are designed to detonate such as projectiles, bombs,
grenades, and rocket and nussile warheads.

The following description of typical procedures imple-
mented during OD operations 18 based on the SOPs provided
by PD Demul for review. The various Army depot OD SOPs
are more similar than those for OB, and the commitiee
believes that the SOPs reviewed are representative of the

procedures performed at the seven stockpile depots. The OD
S0Ps are typically approximately 80 pages in length.

The range maximum NEW linits are described in the
SOPs, hut they vary based on the size of the detonation facili-
ties and the mission of the depot. For BGAD, OB is limited
to doing disposals in 30 disposal pits with a 100 Ib NEW for
each pit (a maximum total of 3 800 Ib per disposal detonation
event). There are 6 primary demolition pits at CAAA, and
the NEW limit for ¢ach pit is 500 Ib, with a 70,000 b NEW
maximun allowed on the range. The CAAA range also has
one pit designated for the disposal of rocket motors and a
secondary range with a maximum NEW limit of 1000 Ib.
TEAD has 19 detonation pits on the “TIN Range” and 25 on
the “TS Range,” with up to 3000 Ib NEW authorized for
detonation in cach pit.

Many of the SOPs contain prohibitions on the detonation
of some types of munitions. Disposal by detonation of hexa-
chloroethane and other riot control agents, colored smoke,
white phosphorous. red phosphorus, and depleted uranium
18 specifically prohibited in the BGAD SOP. No prohibited
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munition types are specified m the CAAA SOP. The LEAD
SOP prohibits detonation of “dye filled rocket warheads and
Navy armor piercing rounds.”

The OD SOPs contain specific weather and environmental
conditions that are similar to the restrictions for OB that must
exist before inttiating a disposal operation. At BGAD each
disposal detonation must be approved by a “planning team”
that prepares a “daily authorization” for OD operations, and
“surveillance personnel” must perform and document safety
mspections of OD operations at least daily. The CAAA SOP
has less rigid “notification reguirements” to be implemented
before OD is performed, and there are no specific surveil-
lance or guality requirements, although it is possible that
surveillance and quality requirements are contained in a
different SOP belonging to those departments.

The type of mmitiation {(clectric or nonelectric) varies
among the Army depots with some authorized to use both.
The various depots also use different donor charges, most
likely based on local availability. For example, at TEAD,
TNT, Composition B, Composition C, and Bangalore Tor-
pedoes® are authorized for use as donor charges. In all cases
the donor charges are initiated by detonation cord connected
to initiator explosives (usually blocks of Composition 4 or
TNT) that, in turn, are placed on the donor explosives.

The SOPs contain the following general procedures that
are performed for each detonation shot:

1. Checking continuity in the firing wire and the resis-
tance of the blasting caps (electric initiation)y or
receiving the nonelectric initiation system compo-
nents (for nonelectric initiation).

2. Receiving the munitions for OD and the donor
charges.

3. Preparing the detonation pits by digging them at
least 6 ft. deep using a bulldozer. Some of the SOPs
specify different depths of excavation.

4. Placing the munitions for disposal in the prepared pits
as specified in detailed SOP requrements.

5. Loading donor explosives on top of and around the
disposal munitions.

6. Preparing the electric or nonelectric detonation sys-
tem. Normally two independent systems for cach
detonation are used to help avoid nusfires and ensure
high-order detonations.

7. Placing the prepared nitiation charge on the donor
charge.

8. Covering the prepared detonation shot with soil using
a hulidozer while ensuring that the detonation cord
18 undamaged and protrudes from the ground. The
minimum amount of so1l to tamp the shot varies in the

® A Bangalore torpedo is a high-explosive-filled steel tube designed for
use by soldiers for cutting trenches and clearing minefields.

S0Ps. Above-ground shots are authorized at LEAD,
but they are limited to 50 Ib NEW and are performed
only when the demolition supervisors have deter-
mined that above-ground O 13 necessary, typically
for safety reasons. BGAD specifies covering each
shot with at least 6 {t. of soil. An earth cover 15 ft,
deep 1s required at TEAD for shots larger than 50 [b.

9. Connecting the electric or nonelectric blasting caps
to the detonating cord leading into cach pit.

10. Electric mitiation of the detonations from the desig-
nated safe area after ensuring that the area 1s clear
of personnel and approval for the detonation has
been received. For nonelectric imtiation the time
fuse igniters are actuated at the disposal pits and the
technicians then depart to the safe area.

11. Procedures to be followed in the event of a mistire
are included in the SOPs.

12. Upon completion of the detonations the technicians
mnsgpect the demolition area and collect large debiis
and kick-outs. Large debris that does not contain
explosives is collected for range maintenance and
recycling. That with explosives i added to the next
detonation event to achieve disposal.

13. Reporting requirements vary among the SOPs with
some requiring formal reports and others using log
book entries.

REFERENCES

Aurell 1., and B. Gullett. 2017. Characterization of At Eoussions from
Oper Buraing at the Radford Army Ammunition Plant, htips:/www.
deq . virginia.gov/Partals/0/DEQ/Land/Radford/Radford_Final_Report.
pdf?ver=2017-09-27-151820-227.

BGAD (Blue Grass Army Depot). 1996, Standard Operating Procedure
BG-0000-H-007 (Revision 9, Change 3), Demilitarization by Open
Burning and Standard Operating Procedure BG-0000-G-163 (Revision
10, Change 1), Demilitarization by Detonation. Richmond, Ky.: Blue
Grass Army Depot.

CAAA (Crape Armay Amuounition Activity). 2017a. Standard Operating

rocedure CN-0000-H-003 (Revision 5, Change 1), Destruction by
Burning by Various Methods at the Ammunition Burning Grouads or the
Demolition Range Explosives Burning/Flashing Pad Complex.

CAAA. 2017b. Standard Operating Procedure CN-0000-G-241 (Revision 6,
Change 2}, Disposal of Ammunition, Explosives and Other Dangerous
Articles (AEDA) By Detonation.

DA (Department of the Army). 1982, TM 9-1300-277. General Instructions
for Demtlitarization/Disposal of Conventional Munitions. Washington,
D.C.: Headguarters, Department of the Army.

Dol (U8, Department of Defense). 2012, Manual Number 6055.09-M,
Volume 8. DoD Anmunition and Explosives Safety Standards: Glos-
sary. htips//www.whbdg org/FEC/DOD/ DODMAN/605509-M-V8 pdf.

Gullett, B.K., J. Aurell, and B. Wilhams. 2016. Characterization of Air
Emissions from Open Buraing and Open Detonation of Gun Propellants
and Ammoenttion. hitps://cfpub.epa.gov/si/si_public_record_report.
cfm?dirEntryId=337030.

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00055



Alternatives for the Demilitarization of Conventional Munitions

REVIEW OF CONVENTIONAL OPEN BURNING/OPEN DETONATION TECHNOLOGIES 39

etterkenny Army Depot. 2017, Standard Operating Procedure LE-
0000-G-014 Bevision 8, Change 0. Detonation of Conventional Am-
mumnition, Misstle Iems and Components at Demolition Ground #2.

ambersburg, Pa.: Letterkenny Army Depot.

T Aroy Amuownition Plant. 2017, Standard Operating Procedure
MC-
Ammunttion of Explosives. McAlester, Okla. McAlester Army Am-
munition Plant.

Tooele Aroty Depot. 201 7a. Standard Operating Procedure TE-0000-H-012
Revision 8. Destruction of Bulk Propellant and Propelant Charges by
Burning. Tooele, Utah.: Tooele Armiy Depot.

0000-H-003 Revision 15, Change 2. Burning of Miscellaneous

Tooele Army Depot. 2017b. Standard Operating Procedure TE-0000-G-010
Revision 14. Detonation of High Explosive (HE) Munitions and Explo-
stve Componests. Tooele, Utah . Tocele Army Depot.

Tooele Army Depot. 2017¢. Standard Operating Procedure TE-0000-]-168
Revision 2, Change 1. Static Firing of Rocket Mutors and JATOS, all
DODICs. Tooele, Utale Tooele Army Depot.

Wilcox, JL., B. Entezam, M.J. Molenaar, and T.R. Shreve. 1996. DPG-
TR-96-015. Characterization of Enussions Produced by Open Burning/
Open Detonation of Complex Munitions. hitp://www dtic mil/dtic/ty/
fulltext/u?/2349149 pdf.

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00056



Alternatives for the Demilitarization of Conventional Munitions

INTRODUCTION

Alternative technologies in this study are those that do
not mvolve, and can be used in lieu of, open burning or
open detonation (OB/OD). Those reviewed in this chapter
are presently used or under development to demulitarize
the munitions in the conventional munitions demilitariza-
tion stockpile. Some of these technologies, referred to by
the Office of the Product Director for Demilitarization (PD
Demil) as organic capabilities, have been developed and are
being used by the US. Army at its seven stockpife mnstalla-
tions (see Chapter 2). These include the Army’s ammuni-
tion peculiar equipment (APE) 1236 rotary kiln incinerator,
autoclave meltout of encrgetic materials (APE 1401 M2),
water washout and steam-out to clean the munition bodies,
cryofracture for size reduction, and the Army’s Super Pull
Apart Machine (APE 2271), which pulls apart projectiles
that dispense submunitions. PD Demil also uses a variety
of munition-specific equipment that has the capability to
recover matenials for reclamation, recychng, and reuse (R3).
These include a spent brass sorter for small arms ammunition
(SAA; APE 1412) and metal parts flashing furnaces (APE
2048) to flash residual explosives from munition bodies,
allowing the clean metal fo be reused. Other technologies
are used by PD Demul defense contractors engaged in the
business of denmahitarizing conventional munitions, munition
components, and energetics such as propellant in muni-
tion cartridges, hagged propellants, and rocket and missile
mMotors.

The committee received briefings from PD Demil about
its organic capabilities, visited the Letterkenny Munitions
Center in Pennsylvama to discuss equipment used in the
contained burning of rocket and missile motors, and submit-
ted extensive written data requests to PD Denul. Committes
meetings, site visits, and other activitics are reviewed in
Appendix A.

The committee also obtained additional information from
several contractors about the alternative technologies that
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they have developed. These include equipment that performs
a single function—for example, abrasive water jet cutting to
access and reduce the size of munitions, equipment that has
the capability to demilitarize an entire munition in a single
processing step, and multifunction facilitics and equipment
that demilitarize whole munitions and their components in
several processing steps. Several contractors gave briefings
to the committee about their capabilities and experience,
while others provided answers to written guestions. Finally,
the committee confirmed its understanding of the technolo-
gies 1 this chapter with PD Demil or the appropriate vendors
to ensure that the information presented in this chapter is
accurate.

The organmzations providing information to the comumnittee
are listed below. Some of these organizations have additional
munitions demilitarization capahilities; however, these are
the primary ones that the committee has considered.

e Dynasafe: Static Detonation Chamber (SDC)-con-
tained burn of munitions;

+  Expal U8 A.: Robotic munitions disassembly; use of
SDCs for munitions demilitarization;

e [l Dorado Engineering: Contained burn of encrget-
ics, rotary kiln explosive waste incinerator, flashing
furnace;

e General Atomics: Size reduction using cryofractare,
propeliant destruction using industrial supercritical
water oxidation 1SCWQO),;

e General Dynamics: Automated munitions denahi-
tarization facility, Rotary Kiln Incinerator (RKI),
rocket and missile motor segmentation and thermal
treatment process. cluster grenade thermal treatment
process, nitrocellulose propellant thermal treatment
system:

e Gradient Technology: Abrasive water jet cutling;

*  MuniRem: Energetics neutralization; and

e U.S. Demil: Decineration process.
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REVIEW OF CANDIDATE ALTERNATIVE TECHNOLOGIES

The committee also reviewed several studies in which
alternative, non-OB/OD technologies are described,
reviewed, and in some cases, compared to each other and to
OB/OD with respect to various criteria. These studies were
carried out over the past 30 years by various organizations
and government agencies. They are listed 1n the references
to this chapter. In several of the reviewed studies, alterna-
tive technologics are grouped with respect to their role in
the munitions demilitarization process. Typical technology
groupings inclade munitions pretreatment and disassembly,
energetics removal, munition or energetics destruction, pol-
Iution abatement, and resowrce recovery and recycling.

While the committee did not contact every commercial
vendor involved in the demilitarization of conventional
munitions, the committee believes that it has examined and
discussed existing capabilities with the primary commercial
providers currently engaged in this activity.

In the technology review conducted in this chapter, both
those technologies that are capable of demulitarizing muni-
tions in a single processing step and those that partially
process the munitions are described. This is only a partial
compilation; numerous other treatment processes exist and
have been evaluated in several of the reports fisted n the
references to this chapter —for example, Poulin (2010) and
Wilkerson (2006). However, the technologies described
below are those that have been demonstrated or permitted in
the United States (where permits were required) and, in gen-
eral, have a greater level of maturity than other technologics.

The distinction between technologies capable of demili-
tarizing whole munitions and those that do partial munition
processing 18 somewhat arbitrary; a technology that is capa-
ble of processing an entire munition of one type may require
one or more preprocessing steps prior to demilitarization for
a munition of another type—for example, a larger or more
complex nunition.

In this report, candidate alternative technologies that have
the potential to demilitarize an entire munition are grouped
as follows:

+  Contained detonation (CD), where an entire munition
is demilitarized/destroyed in an enclosed chamber
with an associated pollution abatement system; and

¢ Contained burn (CB), where a munition is thermally
treated in an enclosed chamber, typically an incinera-
tor or a furnace combined with a pollution abatement
system.

Several of the technologies described have dual capa-
bilities in that they can perform the contained burning of
munition energetics and propellants but also have explosive
containment capabilities; thus, they can function as con-
tained detonation chambers as well. Where these capabilities
exist, they are so noted.

For many munitions it is not feasible to demilitarize the
whole munition using a single alternative technology due to
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technical, safety, environmental. or cost issues. Examples
of such munitions include large bombs, complex cartridges
containing submunitions such as grepades and bomblets,
and munitions containing shaped charges that could damage
containment chambers. Where this is the case, technologies
that perform a partial function—for example. those that only
reduce mumition size or only remove cnergetic materials—
are reviewed with respect to their more limited capabilities
while recognizing that a combination of these technologies
(in a treatment train} would be needed to demilitarize whole
munitions. Thus, the distinction between whole and partial
munitions processing depends on the size and complexity
of the munition involved. The same contained detonation
chamber that can entirely demilitarize a small munition
may require a step to modify the energetics (e.g., cutting the
encrgetics to disrupt a shaped charge) for a larger or more
complex nmunition.'

All of the technologies that destroy energetic materials
using thermal processes have associated pollution abate-
ment systems {PAS) that tweat offgases. These treatment
processes contain scrubbers, cyclones, baghouses. filters,
and other components as needed. They were evaluated as
part of the technologies with which they are associated. In
addition, nearly all of the technologies will produce second-
ary wastes, including waste water from water jet cutting,
waste/ash particles that may be characterized as hazardous
waste, or spent filter materials. These are noted as part of the
technology description.

Several of the technologies have the capability to produce
materials that can be reclaimed, recycled, or reused (R3).
Technologies that have R3 capabilities mclude the SDC,
Deecineration, deactivation furnaces, autoclave meltout and
water washout to recover energetics for alternative uses,
and the metal parts flashing furnace to decontaminate metal
parts. These capabilities can result in a revenue stream that
partially offsets the costs of using alternative technologies
and contributes to the Army’s goal of reducing dependence
on OB/OD. Where an R3 capability exists, it is noted as part
of the technology description.

The technology reviews inclode a basic description of
the technology and, where the information i3 available, the
following:

+ A summary of throughput capacity, taking into
account physical feed size limitations, explosion
containment hmitations imposed by 1.8, Department
of Defense Explosives Safety Board (DDESB) or

! Munition size can refer to physical dimensions; larger size munitions
may require size reduction in order to be fed nto a contained detonation
or contained burn chamber. It can also refer to the explosive content of
the munition; in terms of s net explosive weight (NEW), measored in
TNT-equivalent pounds of explosive. All contained destruction chambers
will have a maximum permitted (by Environmental Protection Agency
[EPA}-authorized state agency) and approved (by Department of Defense
Explosives Safety Board [DDESB]) NEW lunitation.
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environmental permits, need for mumtions pretreat-
ment, munition-specific limitations, munitions and
energetics that the technology has processed to date,
and average and maxirmum throughputs achieved to
date, especially when processing those munitions that
currently are being treated via OB/OD;

= Environmental impacts. including effluents produced
and waste stream management processes used to
monitor, treat, and, where applicable, recycle efffu-
ents for further treatment and to recover, recycle, or
reuse processing by-products;

¢ Health and safety risks to workers and to the public;
and

A gualitative assessment of costs. In general, cost
estimates provided here refer to cost/ton of muni-
tions, not hife cyele costs.

The quality and detail of the information the committee
received in each of these areas varied widely, from n-depth
technical information to cursory replies. In some instances,
the commuittee did notreceive any mformation in one or more
of the areas for a given technology. This was either becanse it
was nonpublic information {e.g., proprictary) or because the
committee simply did not receive the requested information.
In such mstapces, the commitiee notes below that “informa-
tion was not made available to the commitiee.” Because
of these himitations, it 18 not possible for the committee to
conduct direct comparisons of all aspects of all technologies.

Additional information, where available, includes the
following:

¢ Technical maturity of the technology;

¢ Permitting status, including throughput and other
limitations imposed by permits;

e Ability of the technology to process a variety of
munitions, defined by the Army as the omnivorous
capability;?

¢ Where capabilities for existing units are himited,
the potential to modify the technology to expand its
capabilities;

¢ The potential for monitoring emuissions and for recy-
cling effluents for further reatment; and

«  Resource requirements to operate the technology.

The technologies reviewed in the “Thermal Decontami-
nation of Munitions Scrap” section have been tested and
demonstrated by the PD Demil and its contractors. In the
“Emerging Technologies™ section, several technologies that
are under research and development are reviewed.

2 1. MicFassel, product director for Demilitatization, PEO AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the comunittee on August 23, 2017,

PREPARATION TECHNOLOGIES

Prior to the destruction of niunition energetic components
in contained chambers, a variety of processing steps may
be required. These include but may not be limited to muni-
tons disassembly, size reduction to reduce the physical size
and net explosive weight of the munitions, and removal of
energetic components from the munition. Commonly used
processing steps that are used by PD Demil and its contrac-
torg are described below.,

Disassembly and Size Reduction

This step consists of separating munitions components
and size-reducing the components to achieve the maximum
net explosive weight (NEW) limit requirements of the treat-
ment technology being used and to expose the energetics
within the munition to enable the munition components to
be further treated. Processes currently in use are

+  Manual and automated disassembly (1.5, Army and
its contractors, various locations);

e Cryofracture (at McAlester Army Ammunition Plant
[MCAAP];

s Water jet or shurry jet cutting for size reduction {at
Crane Army Ammunition Activity [CAAA] and at
Hawthorne Army Depot [HWAD]; and

¢ Mechanical cutting —for example, band saws.

Manual and Automated Disassembly

Some munitions can be disassembled prior to removal
and treatment of explosive components, either manually or
robotically. Manunal disassembly 13 slow and presents risks
to workers, as they must handle the munitions. Automated
disassembly with less worker exposure to the munitions is
carried out on processing lines at some contractor facili-
ties where complex munitions —for examiple, cluster bomb
units—are taken apart to expose the submunitions within
and where the submunitions are also disassembled to expose
explosive maferials such as shaped charges. These opera-
tons incur periodic accidental detonations, and, when these
cccur, replacement equipment 1s needed. For example, the
unintended detonation rates during the demilitarization of
grenades from cluster munitions at a General Dynamics
facility in Missouri has been 1 in 10.7 ymullion grenades, all
behind safety walls.”

Cryofracture

This process s used to cool ferrous munition bodies
below their embrittlernent (nil-ductlity) temperature, allow-

* General Divnamics response to commitiee questions, May 2018,
160,000,000 grenades from dual-purpose improved conventional munitions
and from multiple launch rocket systenis with 15 grenade detonations.
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ing the munitions o be fractured in a hydraulic press. This
allows access to the energetics so they can be treated by
thermal destruction. Cryofracture by itself does not destroy
energetics. In a typical operation, munitions are transferred
into a liquid nitrogen bath by an overhead robot. for between
10 and 45 minutes to cool them to -320°F (~195°C; depend-
ing on the size of the munition}, removed from the bath by
a material transfer robot, placed in a hydrankic press, and
compressed until fracture occurs. The munitions debris is
then fed to a thermal treatiment process such as the APE 1236
rotary kiln incinerator for energetics destruction.

Cryofracture can be used on munitions that require a size
reduction processing step and are difficult or costly to disas-
semble or will cause damage if they detonate during thermal
treatment. It has been successtully used on munitions such
as 8 inch, 155 mm, and 105 mm projectiles; M23 landmines;
M55 rocket motors; 4.2 in. mortars; and various grenades,
bomblets, cartridges. fuzes, and bursters. It has been used
to access M42 and M46 grenades in the 155 mm high-
explosive, dual-purpose projectile (Department of Defense
Identification Code [DODIC] I3563) in the conventional
munitions stockpile *

The U.S. Army Research, Development and Engineering
Command has processed more than 67,000 live Artillery
Delivered Antipersonnel mines using cryofracture in con-
Junction with the APE 1236, and a cryofracture unitf is cur-
rently being used at the McAlester Army Ammunition Plant
for cooling and crushing submunitions removed from pro-
jectiles (DODIC D301/D502) prior to feeding the munition
fragments to an APE 1236 rotary kiln incinerator. Although
the U.S. Army Research, Development and Engincering
Command has demonstrated a “mobile” cryofracture unit,
this unit is now in storage at Crane Army Ammunition
Activity but 1s planned to be placed into service in 2020 to
destroy Rockeye bomblets. An advantage of cryofracture is
that it allows access to energetics in a munition more quickly
than using other methods such as a band saw or a water
jet.” Potential disadvantages are that nonferrous materials
that do not fracture and some internal munition components
present challenges. Also, incomplete crushing occasionally
geeurs, with resulting incomplete deactivation of munitions
(e.g.. mines) in the APE 1236 rotary kiln incinerator. When
this occurs, energetic-contaminated materials are processed
through the kiln a second time ®

Throughput Capacity

Processing rates will depend on the munition size, the
mternal arrangement of the munition, and the amount of
energetics in the munition. For example, Artillery Delivered

*Cryofracture Munition Experience Database, p. 1. Information provided
to the committee by General Atomics, January 2018,

> MceAlester Army Ammunition Plant response to conumities questions,
April 2018.

6 Ihid.
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Antipersonne] mines can be processed at a rate of 6 mines
per minute,” for Rockeye bomblets the rate is 7 munitions
per minute, and for M42 submunitions the process rate 1s 42
items per minute.

Environmental lmpacts

Cryvofracture i3 a preprocessing step prior to destruction in
an APE 1236 or another CB chamber. Permitting constraints
regarding emissions and throughputs for the APE 1236 gov-
ern the process.

Personnel Satety

Cryofracture 18 generally conducted remotely hy robots
behind blast walls to avoid human exposure to safety haz-
ards. If a detonation were to occur while a munition is being
processed in the press. the currently used system can with-
stand a detonation of up to § Ib NEW. Safety considerations
make 1t most suitable for mumtions without a detonator train
near the stress points exerted by the cryofracture tooling.

Cost

Information was not made available to the committee.

Waterjet and Slurry Jst Cutting

Waterjets are used both to access munitions by cutting
the munitions open to expose the energetics nside and to
remove energetics washout., Waterjets use a high-velocity
stream of fluid forced through an orifice to form a jet. The
fluid is typically water, but other fluids can be used. Abra-
sives can be added to the stream in the form of a premux
slurry or by entrainment at the nozzle to increase the cutting
action. While the water can often be recovered and reused,
eventually it must be treated as explosives-contanunated
wastewater (pink water) and undergo proper treatment before
disposal.

Waterjets have been used since the 1920s to washout high
explosives (HE) from munitions. High-pressure waterjets
with added abrasives have been used since 1991 to cut HE
munitions. Low-pressure jets were used in the 1950s for
the U.5. Army’s Ammunition and Fxplosive washout and
reclamation system. Low-pressure jets were used to reclamm
nussile motors in 1953 and for the Hawthorne Army Depot
(HWAD) washout system in 1979,

High-pressure jets were installed at CAAA1n 2000, More
than 250,000 large caliber 3-inch, S-inch, 6-inch, and 8-inch
profectiles have been cut and washed out at CAAA since
2001, This same system is currently being modified to cut
the 16-inch Armor Piercing and High Capacity Navy Gun

TPD Demil table, “Demonstrated Ammupition Demilitarization Tech-
nologies.” provided to the conunittee, August 2017,
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projectiles containing explosive D filler (ammonium picrate).
The goal is to recover 99 percent of the explosive filler and
all of the munition metallic scrap®

Although waterjets are inherently dangercus systems,”
with numercus people injured or killed from commercial
pressure washers and cleaning systems, there are only two
known munitions-related accidents that have been reported
to the committee, and these appear to be unrelated to the
use of the waterjet itself. The danger of high pressure can
be mitigated by the use of robotics and remote operations.
Although waterjets can initiate a detonation of high explo-
sives, this has only occurred with an experimental water
jet that used explosives to accelerate the stream beyond the
capacity of mechanical pumps. This i3 highly unlikely to
nccur in practice.!©

Compared to band saw cutting, water-jetting is higher in
capital cost, not as energy efficient, slower, and less accurate.
However, it can cut almost anything, never dulls, and can cut
i almost any direction. Waterjets are also less likely to cause
an accidental detonation because they do not creafe a “heat
affected zone” in the cut area, as temperatures typically do
not exceed 100°C.

Mechanical Cutting

Mechanical saws—for example, band saws—have been
used to cut munitions to reduce their size and to access the
HE for washout or other treatment. A band saw has been
mgstalled at the Letterkenny Rocket and Missile Disposal
Facility for cutting the rocket and missile rocket motors.

Band saws have an mherent safety issue with the heat,
shock, and friction of the blade cutting through the munition
casing resulting in a potential initiation nfluence for HE
or rocket and missile propellant. This is mitigated in some
cases by inundating the cut with water or hiquid lubricant or
performing the cutting under water. Even though these mit-
gation technigues are successful enough to achieve DDESB
approval, sawing is done remotely with no personnel present
to be injured by a potential detonation. In the case of the Let-
terkenny facility, the committee was told that managers of
the facility expect sawing to cause infrequent autoignition of
rocket and missile motors, and they are prepared to periodi-
cally replace damaged equipment.

Energatics Remaoval

Once the energetics and other internal components of a
munition are accessed, the energetics may be removed using

#PD Demil, “Status Update on Navy Gun 16 inch Projectile Waterjet
Cutting,” April 2018.

?* Abrasive Waterjet Cutting of Large Munitions.” Briefing to commit-
tee members by Paul Miller, Gradient Technology. October 2017, p. 23:
personnel safety.

¥ Waorsey and Summers (1984).

a variety of processes. Two being used by the Arnmy that the
committee evaluated are:

¢ Water washout with water jets as noted above (U.S.
Army at HWAD, CAAA); and
e Autoclave meltout (US. Army at MCAPP, HWAD).

Water Washout

High-pressure washout (55 000-60.000 psig) of mum-
tions using a waterjet has been demonstrated at HWAD
where a low-pressure (5,000-10,000 psig) washout facility
was upgraded to a higher pressure in order to reduce water
consumption from 10-30 gpmi t0 0.5-1.0 gpm. These systems
are similar to the waterjet cutting systems described above.
Energetic fills have been washed out of 105 mm, 120 nun,
165 mm, and 81 mm projectile rounds.

Autoclave Meltout

Once the high explosives are accessed and exposed —for
example, by removing the nose plug of a projectile —they can
be placed in an Army APE 1401M2 autoclave and heated.
Munitions are placed on a carcusel and their exteriors are
steam heated to drain meltable explosives, which are then
collected in a melt kettle. The cycle time per munitions
load s about 60 minutes, and the average explosive load is
100-200 Ib per hour. The system has been used to remove or
reclaim explosives such as TNT from projectiles and bombs.
It may also be possible to remove other explosives that can
be melted, such as composition B, following pilot testing !

Other Methods

Other methods that have been proposed include washout
with ammonia or liguid nitrogen, steamout of encrgetics,
ablation of energetics using solid carbon dioxide pellets,
microwave meltout, meltout using an induced current, and
laser machining. None of these, however, have been demon-
strated on a production scale. Although recovered explosives
may be reused in munitions or recycled mfo commercial
products if a market exists, they are more often used as donor
explosives in OD operations.

CONTAINED DETONATION CHAMBERS

CD chambers are a technology alternative to the OD of
munitions and munition components. These technologies and
their associated pollution abatement equipment are intended
to denmbitarize an entire munition in a single processing step
if the munition size and NEW are within the capacity of the
equipment. Otherwise, one or more preprocessing steps will

1 “Bemonstrated Anununition Demilitarization Techuologies.” Spread-
sheet provided to the commitiee by PD Demil, August 2017,
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be required. Because they do not use a “controlled flame
device,”!* CD facilities are permitted as Resource Conser-
vation and Recovery Act (RCRA) Subpart X miscellaneous
treatment units rather than as incinerators.”” In some cases,
a Clean Air Act (CAA) permit may be required.

Munitions are prepared for detonation by attaching deto-
nators and donor explosives and then placing in the chamber;
the chamber 18 sealed; and the munitions are detonated. All of
the explosive wastes such as offgases, dust, and metal frag-
ments are contained within the chamber or a post-chamber
expansion vessel following the detonation. Treated waste
material can be tested, and if need be, unreacted energetics
can be reprocessed prior to release. Although conceprually
feasible as a replacement for OD, these chambers have sev-
eral limitations, including (1) limited throughput resulting
from the need to prepare munitions, load them into the cham-
bers, and periodically clean debris following detonations; (2)
the need to withstand repeated shocks resulting from detona-
tions with consequent wear and tear on the pressure vessels;
and (3) the donor charge being included in the maximum
NEW allowed per load.

The committee reviewed three chambers having con-
tained detonation capabilities, all of which have been used to
demilitarize conventional munitions, have been approved by
DDESB for specific situations, and have received RCRA per-
mits. The committee also considers another technology, the
SDC, to be a contained detonation systen. Since this tech-
nology also has contained burn capabilities, it 15 discussed
separately in the section “Contained Burn Chambers.”

Controlled Detonation Chamber (CDC)

Te CDC originally applied “to replace OD operations for
destruction of conventional high-explosive munitions.”*
The CDC is a rectangular cross section detonation chamber
providing a contained environment that prevents the release
of blast fragments, heavy metals, and encrgetic by-products.
The model D-100 chamber has internal dimensions of 14 ft.
wide by 16 ft. high by 20 ft. long and is connected to a cylin-
drical steel expansion tank 10 ft. in diameter and 71 {1 long.
Offgases are directed to the expansion tank, which moderates
the pressure wave from the detonation of explosives, and
are then processed through a pollution abatement system
that consists of a reactive bed filter to remove acid gases, a
porous ceramic filter to collect particulates, including soot
and dust, and a catalytic oxidizer operating at 1095°C. Two
D-100 models have been used at the Milan Army Ammusni-
tion Plant, Tennessee, for the destruction of 253 000 155 mm

12 A controlled flame device uses an open flame in the thermal treatment
chamiber and is regulated as an incinerator under RCRA.

3 RORA Permit Policy Cormpendiun:: Volurme 9: 9486.1987-9498.1996:
“TSDF Technical Requirements” (Parts 264 and 265) and “Standards for
Managing Specific Hazardous Wastes” (Part 266), htips://tinyurl.com/
ybkGawym.

HNRC, 2006, p. 30
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projectifes packed with submunition grenades, and another
model, the I3-200, has been used to destroy multiple conven-
tional munitions at the Army’s CAAA. located at the Crane
Naval Surface Warfare Activity in Indiapa.

Munitions with a donor charge are mounted in the deto-
nation chamber, the floor of which can be covered with pea
gravel to absorb blast energy. Water-filled bags are also
sometimes suspended near the munition to help absorb blast
energy and reduce fragmentation effects. After the detonation
chamber is foaded, its entry port 1s sealed and the exit from
the expansion chamber is also closed. Following a detona-
tion, gases are veated to the pollution abatement system.
Offgas monitoring can be carried out to ensure that regala-
tory limits are not exceeded before release.

The NEW rating for the CDC model TC-60 was 40 1b
TNT-equivalent for the destruction of WW I phosgene-fifled
munitions at Schofield Barracks in Hawai'i in 2008.7° The
NEW rating for the larger 13-100 installed at the Blue Grass
Army Depot in Kentucky was 49.3 1b.7 This rating includes
the NEW content of the donor charge as well as the munition
being destroyed. A D-100 used at Milan had an estimated
NEW of 100 Ib and a larger 13-200 at Crane had a safe NEW,
based on testing, of 116 b1

Based on the explosive safety design review for the CDC
conducted by the DDESB,? “the minimum donor explosive
weight shall be 1-part donor explosive to 1-part energetic
fall (1:1) for a munition with energetic fill only; 2:1 for
propellant fills; and 3:1 for smoke, riot agent or incendiary
filis.” However, for the D-200 at CAAA, the NEW of the
munition being treated was about three tmes the NEW of
the donor charge,”® allowing a larger ratio of rmunition to
donor charge than the 1:1 ratio allowed by DDESB for the
smaller CDC units.

As of early 2018, PD Demil planned to conduct tests
of the larger CDC D-100 at BGAD on 175 2.75-in. and
5-in. rocket motors that would otherwise be open deto-
nated (DODIC J147, §106, F143). Subject to test results
and Kentucky state permit requirements, this unit could be
used to demilitarize these munitions, which would provide
the ability for PD Demil to denubitanize rocket and missife
motors with double-based propellant.”’ As of September 30,
2017, these 175 rockets accounted for 1.457 tons in the con-
ventional runitions stockpile. The larger D-200 at CAAA
has demilitarized a variety of munitions, including 105 mm
cartridges, fuzes, and 155 mm M 107 HE projectiles (DODIC
3544y that would otherwise be open detonated.

IS NRC, 2009, p. 36.

S NRC, 2009, p. 30.

VNRC, 2009, p. 35.

18 PD Demil, response to commitiee questions, April 2018,

U DDESB, 2008.

X PD Demil, response o commitiee gquestions, April 2018,

211, McFassel, product ditector for demilitarization, PEQ AMMO, “De-
nulitarization by Open Burning and Open Detonation.” presentation to the
committee on December 11, 2017,
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Throughput Capacity

Processing rates vary with the munitions being demilita-
rized. Estimated throughput rates vary from 22 per 10-hour
day for a 155 mm MK I projectile to 60 per 10-hour day for
a M 139 bomblet. Typical cycle times, including loading and
cleanup, are expected to be 30-45 minutes with 1-3 muni-
tions placed in the chamber per cycle. In a table provided to
the commitiee by the PD Demil,” the Army’s comment on
smaller versions of the CDC (up to model T-60) indicated
that this “system s mtended for emergency use and not a
production environment.”

Environmental Impacts

The CDC at CAAA was operated as an RCRA Subpart X
unit and experience has been that it can be operated without
noticeable noise or vibration problems. Primary wastes pro-
duced by the CDC inchude munition fragments, pea gravel
and dust, and hime from the reactive bed filter. Metal muni-
tion fragments may be sold for scrap.

Personnel Safety

Manual operation of the CDC includes routine munition
preparation operations, placing mitiating charges and mitia-
tors on the munitions, and mechanically moving munitions
into the detopation chamber. Between shots, workers have
to reach inside the detonation chamber door to plug n and
unplug electrical connectors. Workers can be exposed to
hot metal surfaces and to pea gravel dust when cleaning the
detonation chamber.

Cost

Although quantitative cost information is not publicly
available, an earlier evaluation of the CDC stated, “extensive
1.8, experience with destruction of conventional and agent-
fike munitions indicates that the basic CDC technology i3

cost effective for destroying projectiles and other types of

explosive-contaiming munitions in a U.5. context.”® Agent-
like refers to munitions containing chemical agents as well
as smoke and dye-filled munitions.

In one specific instance, a CDC model D-100 at the
Bluegrass Army Depot in Kentucky has been released to
the Army by the CDC vendor (CH2ZM Hill) and is currently
Army owned and operated. Thus, there would be no addi-
tional acquisition costs for this unit, and operating costs
may be reduced when compared with contractor operation,
since labor costs (Army versus contractor personnel) should
be lower and the Armiy 18 not trying to operate the CDC at
a profit.

2 “Demonstrated Anununition Demilitarization Technologies.” Spread-
sheet provided to the committee by PD Demil, August 2017,
BNRC, 2006, p. 35.

Explosive Destruction System (EDS)

The EDS 1s a technology having modest CD capabilities.
Degigned by the Army’s Recovered Chemical Munitions
Directorate and built by Sandia National Laboratory for the
destruction of recovered and reject chemical munitions, the
EDS model P2 is a truck-mounted, transportable unit that
provides a capability to destroy small quantities of chemical
and potentially conventional munitions that fall within its
9 1b NEW limitation. The EDS consists of a sealed cylindn-
cal containment vessel having an inner volume of 20.3 cu. ft.
Its inpner diameter s 28 in.. its ioner length is 57 n., and its
wall thickness is 3.6 in.

Munitions are placed in a mumtions holder, initiating
explosives are attached to the munitions, electrical con-
nectors are attached to the charges, and operators shde the
holder into the vessel. The vessel door is then closed and
sealed. Following leak tests, the operators then remotely
detonate the charges. For chemical munitions, nentralization
chemicals are then added and mixed with the chemical &Il
This processing step would not be needed for conventional
muniiions.

Throughput Capacity

In terms of physical capacity, the EDS i3 capable of
receiving projectiles up to 155 mm in size. However, its
9 1b NEW capacity, including that of the initiator charge,
limits its usefulness for processing the high-explosive
155 mm projectiles in the conventional munitions stockpile,
some of which contain shaped charges that can damage the
explosive confainment vessel and others that have NEWs
in the 14-16 b range. Because the EDS has not been tested
with conventional HE munitions, processing rates for these
munitions can only be estimated. The cycle time for prepar-
ing conventional munitions, loading them into the vessel,
sealing the vessel, detonating the munitions, allowing the
vessel to cool, opening the vessel. and removing metal and
other fragments will vary with munitions but should be in
the order of 1 to 2 hours. Multiple munitions can be placed in
the EDIS as long as the maximum 9 Ib NEW i3 not exceeded.

Environmental Impacts

The EDS has been operated under RCRA permits at sev-
eral locations n the United States and has destroyed more
than 2,600 chemical munitions. When processing chemical
munitions, the primary waste produced s 8§-10 gallons of
hydrolysate per cycle. Although this will not be the case
when processing conventional munitions, solid wastes from
munitions destruction will be present, including munition
bodies and nternal components, the constituents of which
will vary with the munition processed. Small quantities of
aqueous wastes, resulting from periodically washing the
EDS vessel with detergent, are also produced.
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The waste streams will vary with the rmonition processed,
and these would have to be characterized in order to develop
appropriate digposal and post-treatment procedures and
before shipment of solid and Hguid wastes to commercial
treatment, storage, and disposal facilities, as has been done
with waste materials from chemical munitions processing.

Personne! Safety

The EDS requires several manual processing operations:
placing mitiation charges on the munitions; placing a frag-
mentation shield over the munitions to reduce damage to
the vessel walls; making electrical connections; opening,
closing, and securing the vessel door; removing debris fol-
fowing a detonation: and cleaning and inspecting the vessel
for a subsequent detonation. Operating and maintenance
procedures are well developed., and this equipment has been
routinely operated as noted above.

Cost

The EDS was designed for occasional use in depnlita-
rizing small numbers of chemical munitions and not for
contimious use in demilitarizing conventional munitions.
Continuous use could reduce its economic life, since the
number of cycles for which it 18 designed will be reached
in a shorter time period than when used intermittently.
Because cost data are not publicly available, 1t 1s not possible
to directly compare the EDS unit costs with those of open
detonation or alternative technologies. In addition, all the
experience with the EDS 1s with chemical munitions; hence,
any cost data would not be comparable to the demilitarization
of conventional munitions.

The commuttee believes that the EDS 13 an extremely
capable munitions demilitarization system. However, the
committee has determined that its applicability to demili-
tarization of the conventional munitions stockpile 18 very
limited because it is designed for the demilitarization of
chemical munitions that contain relatively small amounts of
explosives. Although the EDS has extensive capabilities for
the neutralization of chemical agents, this capability is not
needed for the demilitarization of conventional munitions.
Because of the specific design of the EDS | its throughput is
too low for it to have anything other than a limited, small-
quantity role for the demilitarization of conveational muni-
tions. For these reasons, the comnutiee i not conducting
further evaluation of the EDS in this report.

Detonation of Ammunition in 3 Yacuum integratad
Chamber (DAVINCH)

The DAVINCH s a CD chamber that has been developed
by the Japanese firm Kobe Steel for the destruction of recov-
ered Japanese World War 11 chemical munitions. DAVINCH
uses a donor charge placed on munitions to initiate the

demilitarization process. The DAVINCH detonation cham-
ber, however, is considerably larger that either the CDC or
the EDS. One model (DV-45), used 1n Japan, has an interior
volume of about 652 {7 (18.6 m®). A larger umit, the DV-60,
has an interior volume of about 1,074 1t (304 m?). The
explosion containment capacities of the DAVINCH units are
reflected 1n the model mambers: 99 1b (45 kgy NEW for the
DV-45 and 132 1b (60 kg) NEW for the DV-60. The physical
size of the DAVINCH technology s correspondingly greater
than the CDC or the EDS; the DV-45 weighs about 75 tons.
A smaller, truck-transportable version called DAVINCH lhite
1s also available. This unit weighs 45 tons, has an outer diam-
eter of 6.9 ft. (2.1 m), and 1s 23 ft. (7 m) long. DAVINCH
lite has been tested with 75 mm and 155 mm projectiles
at the 1J.5. Army Edgewood Chemical Biological Center
i Maryland for chemical munition destraction, has been
approved by DDESB for a NEW of 528 Ib (24 kg), and
operated under a RCRA Subpart X permit.

The DAVINCH 1s a double-walled steel chamber with a
replaceable inner vessel made of armor steel and an outer
vessel composed of multilayered carbon steel plates with
the vessels separated by air. After connecting the detonator
wires to an initiating charge placed on the munitions, the
airtight circular DAVINCH door 15 closed remotely. At is
then evacuated from the inner vessel until a pressure of 0.2
pound per square inch (psia) is reached. Either an electric
delay detonator or instantaneous electric detonators then
sequentially detonates the suspended mumitions to reduce
the maximum pressure on the inner vessel walls. Under a
near-vacuum, the munitions are detonated and implode,
reducing noise. Fragment velocity and vibration are also
reduced, extending the life of the inner vessel. Detonation in
a near-vacuum also reduces the volume of offgas produced.
The chamber is sealed and isolated from the offgas treat-
ment system during the detonation process; consequently,
an expansion chamber is not required.

The offgases are then removed from the inner vessel by
a vacuum pump. Post-processing treatment for conventional
munitions consiats of filtering the offgases and passing them
through a small diverging electrode plasma arc reactor hav-
ing an arc temperature of 1,600°C to thermally treat (oxadize)
the offgas, primarily H, and CO. followed by quenching and
scrubbing of the offgases. Treated gases are then held in a
retention tank and tested. H need be, the offgas can be recir-
culated through the plasma arc reactor for further treatment
before being released to the armosphere; thus, the DAVINCH
has a hold-test-release capability.

Throughput Capacity

The throughput rate for processing munitions in the
DAVINCH will depend on the size of the vessel used (a fon-
ger vessel will be able to process a greater number of muni-
tions per cycle), the vessel's NEW himitation. the ratio of
donor charge NEW to munition NEW, and the cycle time per
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munition load. The only use of DAVINCH for demilitarizing
conventional munitions was the use of a DAVINCH model
DV-50 at Poelkapelle, Belgium. In this application, packages
of 7.7 em, 10.5 cm, and 15 cm projectiles were destroyed
along with about 50 World War 1 21 cm projectiles.” The
processing rate for the 21 cm projectiles was one muni-
tion per cyele at a rate of 3 to 4 cycles per day. After 1,700
shots {cycles)y, including 360 cycles in which conventional
munitions were destroyed, the technology vendor stated that
“fragments from those large conventional shells damaged the
inner chamber, resulting [in] the decrease of wall thickness
at the proximity of the ammunition mounting position.”?® As
a result, a new inper chamber was fabricated and installed.

The ratio of donor charge to munition NEW that would be
used varies with the type of munition, the number of muni-
tions per cyvele, and whether detonations are mitiated by the
donor charge or by other munitions in a bundle. At Poelka-
pelle, Belgium, the donor to munition charge ratio varied
from 0.4 to 3.0. The higher quantities of donor charge, rela-
tive to the munition NEW, was needed for some munitions
to reduce the size and velocity of the fragments produced,
thus reducing wear on the inner chamber walls and extending
the chamber’s useful life *°

Environmental Impacts

DAVINCH produces four waste streams: gases result-
ing from detonations, munition fragments, small quantities
of Hquid from the offgas scrubber, and liquids following
cleaning of the vessel. The gases can be stored in a reten-
tion tank for testing and recirculated through the plasma arc
unit for fusther treatment, if necessary, prior to release to the
atmosphere. Although munitions residue and fragments will
consist mostly of munition bodies, the internal constituents
of the munitions are expected to vary and could contain
heavy metals. melted plastics, and other materials that could
require additional treatiment or separation before recycling
the munition bodies.

Parsonnel Safety

Unless a robotic arm i3 used, operations for DAVINCH
are manual, involving munition handling, placing initiating
explosives and initiators on the munitions, and insertion of
munitions into the chamber. These operations mvolve direct
worker exposure to the munitions and to the initiation explo-

“ “Updated Operation and Maintenance Activities of DAVINCH Sys-
tem,” p. 23, presentation by O. Shimoda et al., Kobe Steel, at CWD2015
London, June 2015.

S Thid., p. 24.

6 Response AS-2 by Kobe Steel to committee question about size of do-
nor charge: “Sometimes HE shells generate very large and heavy fragments
with very high velocity, which may damage the ipuver chamber sericusly.
There

may be increased.”

e, 10 make the fragments smaller and slower, the donor charge

sives during munitions preparation and loading. Following a
detonation, munition fragments are removed remotely.

{ost

Due o its size, the capital and operating costs for
DAVINCH may be higher than for other detonation cham-
bers. In Poclkapelle, Belgium, where both chemical and
conventional projectiles were processed. eight workers car-
ried out three destruction cycles per day. As 18 the case with
other private sector technologies, munitions processing costs
data are proprietary and will depend on numerous factors,
mcluding the number of munitions to be processed, whether
or not they can be easily demilitarized or require pre- or
post-processing, state-specific permit requirements for
technology operation and treatment of process residues, and
the need for replacing or repairing technology components
over time—for example. periodic replacement of the wner
vessel and other equipment will also affect costs. Also, all
of the experience with DAVINCH is with chemical muni-
tions, hence; any cost data would not be comparable to the
demilitarization of conventional munitions.

CONTAINED BURN AND ROCKET AND MISSILE
MOTOR FIRING CHAMBERS

B and contained rocket and missile motor firing systems
have been developed, tested, and implemented at several
locations for different demilitarization operations as an
alternative to open burning and static firing. The technologi-
cal approach for CB typically involves a thermal treatment
chamber {TTC) containment vessel or tank in which ener-
getic materials are burned or into which rocket motors are
fired. In some applications the materials are placed inside the
vessel and ignited as a batch; in other applications wastes are
fed semi-continucusly into the vessel, where they are ignited.
The vessel captures the combustion gases, which are then
exhausted through a PAS. Gases are usually filtered through
high-efficiency filters to remove particulates and then ducted
through wet or dry scrubbers, before being vented through
a conventional stack to the atmosphere. Because there 18 no
“controlled flame device” in the thermal weatment chamber,
mest CB facilities are permitted as RCRA Subpart X mis-
cellaneous treatment units rather than as incinerators, Most
states also require an air permit.

CB and contained rocket and mussile motor fining cham-
bers can be scaled to meet workload requirements and are
designed for automated feeding and discharge of materials
for safety in materials handling. The technologies are suited
for a majority of applications where OB and static firing are
conducted.,

In the text below, representative applications of CB
technology are provided followed by an example of a larger
application where 16 million 1b of M6 propellant and Clean
Burning Igniter (CBI) were destroyed. This is followed by
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examples of historic contained rocket and missile motor fir-
ing apphications and a description of an existing large facility
for destroving ammoniam perchlorate rocket and missile
motors. These facilities use both batch and senmui-continuous
feed approaches and address a wide range of demilitariza-
tion needs. Last, a CB technology that uses an external heat
source rather than a burner {(flame) to destroy energetics is
described and its use in the demilitarization of several muni-
tions 1s summarized.

Contained Burn Chambers

A variety of CB thermal treatment units that use a burner
to demilitarize specific munitions in the stockpile have been
developed by Army contractors. Three examples are:

1. Acluster munition grenade thermal treatment unit is
used by General Dynamics to process M42 and M46
grenades. These are components of a 155 mm high-
explosive, dual-purpose projectile (DODIC D563),
that would otherwise be open detonated.

2. Semi-continuous feed CB chambers have been
designed by El Dorado Engineering. These are
scaled and designed to accommodate different waste
types with feed and burn stations that are mntegrated
within a single containment vessel combined with
an advanced pollution control system. This design
allows customized stations to handle smalf detonat-
mg/fragment producing items in one station, bulk
materials in another station, and contaminated com-
bustible wastes in another station. These systems
are generally smaller in scale and are best suited for
applications involving relatively small quantities of
energetic material wastes. They have been ficlded as
areplacement to OB through modification of existing
RCRA Subpart X units at several private commercial
facilities.

3. El Dorado Engineering also designed a CB system
capable of batch operations with 60 1b of waste
propellant per batch *” The unit was tested to demon-
strate the technology on a wide variety of propellant
types prior to full-scale design. The test vessel was
4 ft. in diameter and 10 ft. long and was rated to a
working pressure of 110 psi. All of the propellants
burned acceptably; the pressure reached a peak of
about 50 psi within about 50 seconds, and then fell
to about 10 psi in another 50 seconds. Most of the
particulates settled out in the tank, and the remaining
gases were vented through pollution control equip-
ment. More than 200 test burns were conducted.
Residues were tested for reactivity using differential
scanning calorimetry and found to be nonreactive.

27 ¥l Dorado Engineering, “Contained Burn Process Description and
Apphcations,” no date.
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Based on these test results, a full-scale system was
designed with 8 ft. diameter vessels, 30 £t long. The
multiple vessel system design was capable of dispos-
mg of approximately 500,000 1b per year.

Throughput Capacity

Throughput capacity for contained burn chambers will
vary greatly and will depend on the munition being processed
{¢.g., rocket and missile motors, grenades, mines). They
can be scaled to meet operational requirements. El Dorado
Engineering has stated that these units are “highly scalable,”
with capacities ranging from 10 to as much as $0.000 Ib per
burn cycle*® Another technology provider stated that they
have the capability to process 670 ammonium perchiorate
rocket and missile motors per week on a 24 hour per day, 7
days per week basis and can process 72,000 M42 and M46
grenades per day.®®

Fnvironmental Impacts

For contained burn systems, gas streams are teated
via PAS prior to release to the atmosphere. PAS includes
cyclones or filters to remove particulates from exhaust
gases, spray towers and demisters, and afterburners to ensure
complete combustion of energetics. These components are
used to ensure comphiance with RCRA regulations and state
air permils. Secondary wastes are treated and disposed in
accordance with RCRA requirenionts.

Personnel Safety

If operated properly under engineering controls, CB sys-
tems are expected to be safe with minimal worker and public
exposure to energetic materials or effiuents. For example,
in one automated industrial system. more than 160 million
grenades were demilitarized with only 15 grenade detona-
tions taking place, and these events occurred behind safety

allg 30
walls.

Cost

The capital and operating costs of commercially available
CHB systems vary greatly and depend on capacity, complex-
ity, the materials being demilitarized, expected maintenance
requirements, the mumber of munitions processed, the ability
to recover and reuse materials, and other factors. Because
cost data are considered to be proprietary, they were not
available to the committee for most apphications.

* Briefing to committee by Bl Dorado Engineering, December 2017.
*® (General Dynamics, response to commitiee gquestions, April 2018.
“1bid.
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A Large Contained Burn System Application: Camp
WMinden, Louisiana

As a result of an accidental detonation of propellant
at Camp Minden, Louisiana, an investigation resulted in
the discovery of millions of pounds of improperly stored
propellants and igniters. The challenge was to identidy the
best method to safely destroy the 15.7 million 1b of single
base (nitrocellulose) M6 propellant and 300,000 Ib of CBI
material in storage at the site expeditiously and in a manner
that protected public health and the environment. Following
a comparison of alternatives > a CB system was selected as
the technology best suited to destroy these propellants and
explosives (Figure 4.1). The design, construction, and mnstal-
lation of the CB facility took less than 9 months.

The description below provides an example of what a
high-capacity CB technology consists of: this application
was for a guantity of propellant that was much larger than
exists at the stockpile sites (primarily bagged propellant
charges), and a facility of this capacity is unlikely to be
needed for the disposal of energetics managed by PD Demil.
The Camp Minden facility is currently inactive.

The CB system at Camp Minden used a vertical cyhindni-
cal steel thermal treatment chamber. Propellant was placed
on a cold burn pan in preparation for teatment and treated
in a batch process. The pan was then placed by operators
using a forklift on a loading shelf located outside the thermal
treatment chamber. Loading of the pan into the chamber
was accomplished remotely with no one in the area. A door
similar to an autoclave sealed the chamber, satisfying the
ignition system nterfock.

After placement of the tray on the loading system, all
operations were conducted remotely to enhance worker
safety. The integnity of the ignition system {continuity and
resistance} were remotely checked and monitored prior to
ignition. The operator ignited the material using an electronic
ignition system. Once ignited, the flame rose vertically, mix-
ing with the air in the sealed chamber at high temperature
with a residence time allowing for efficient combustion of the
propellant. The cxhaust was then metered using a motorized
control valve to control flow into the PAS. The PAS achieved
CAA Maxmmum Achievable Control Technology (MACT)
standards. The major products of combustion of M6 and
CBI were carbon dioxide (C0,), water (1,01}, and nitrogen
(IN,)). Potential minor products of combustion included solid
ash or particulate matter (PM) and gascous species: carbon
monoxide (CO), nitrogen oxides (NG, ), and volatile organic
compounds (VOUCUs). Upon completion of the contained burn
process cycle and once the chamber pressare was confinmed
to be under vacuum, the autoclave door opened and the
shelf with the enmpty tray was unloaded from the chamber
remotely to the safe Joading area. Personnel confinmed via
camera that conditions were safe for opening the device.

3UU.S. EPA, “Pretiminary List of Potential Technologies for the Destruc-
tion of M6 at Camp Minden, draft 2/22/157

Personnel then removed the empty burn tray for additional
cooling and placed a cold tray with M6/CBI material on the
shelf to repeat the cycle.

Throughput Capacity

The CB system was designed for a maximum throughput
rate of approximately 63,360 Ib of propellant per day (880
Ih of M6 per 20- 1o 25-mimute cycle). The facility safely
destroyed approximately 15.7 miflion 1b of M6 propellant
in less than 1 vear after startup. Similar but smaller CB
chambers, sized to meet site-specific needs and with appro-
priate pollution abatement systems, should be capable of
incinerating other single-base propeliants in the stockpile —
for example, M1 (DODIC D675) and possibly double-base
{(nitrocellulose and nitroglycerin) M2 propellants (DODIC
D676).

Environmental Impacts

The continuous emissions monitoring system ensured that
emissions remained low. Stack testing confirmed emissions
were well below permitted levels as indicated below:

e VOCs: Allowable 10 ppm; actual <001 ppm

+  (CO: Allowable 20 ppm; actual <0.81 ppm

e NO_ Allowable 250 ppm; actual <0.01 ppm

e Al principal organic hazardous constituents:
Nondetect

e Destruction and removal efficiency: >> 99.999
percent

+  PM: «<<0.0016 gr/dsef

Personnel Safety

Numerous remote controls and loading equipment were
mtegrated into the design to maximize worker safety. Once
the pan was placed on the loading shelf, subsequent opera-
tions were accomplished remotely. The operator ignited
the material remotely using an electric ignition system.
Upon completion of the burn, the empty tray was remotely
unloaded to a safe area. Confirmation for safely opening the
device for the next cycle was confirmed by camera.

Cost

The proposed cost for the Camp Minden contained burn
system, including the advanced PAS and a continuous moni-
foring system, was $28,062,384,% or about $3,500 per ton
for the combined 16 million 1b of M6 propeliant and CBI
destroyed. Costs were proposed for three phases: (1) mohi-
lization and site preparation for permitting, hcensing, design,

*2 L etter from Louisiana National Guard, Office of the Adjutant General,
t EPA, Region 6, April 14,2015,
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FIGURE 4.1 Camp Minden contained burn system. SOURCE: R. Haves, president, El Dorado Engineering, “El Dorado Engineering’s
Technologies for the Demilitarization of Conventional Munitions,” presentation to the committee, October 24, 2017,

and construction ($8,670,104); (2) disposal operations to
destroy the M6 propellant and CBI ($14,293,200); and
(3) site restoration and project closeout ($475,643). These
three phases cost $23 438,947, The remaining $4,623 437
was for a maximum removal efficiency PAS and the con-
tinvous emissions monitoring system. The final contract
for the Camp Minden CB system approved a payment of
$27.,369.485.%

Contained Firing of Rocket and Missile Molors

Static firing of rocket and missile motors is a form of
OB that is gradually being replaced by contained firing in
enclosed facilities having pollution abatement equipment
that reduces air emissions. Three examples of contained

* Camp Minden MG Destruction, Contract, June 17, 2015, and State of
Fouisiana Office of State Procurement letter Amendment #1 to Emergency
Contract for the Camp Minden M6 Destruction, dated April 11, 2016,

rocket and missile motor firing applications that are no lon-
ger in use are given below. This 1s followed by a description
of an existing PD Demul facility for contained rocket and
missile motor firing that, as of early 2018, was undergoing
acceptance testing. The three historical contained rocket and
nussile motor firing applications are as follows:

1.  Bechtel, Nevada, under the direction of United States
Army Defense Ammunition Center & School, con-
tracted with El Dorado Engineering to design and
fabricate a system to dispose of Shillelagh® missile
motors at production rate and scale. The motors con-
sist of double-based propellant. The application used
a pressure vessel approach, with each missile treated
in a single batch. The missiles were placed in a holder
and mated to the vessel under an offgas collection

% The Shillelagh missile was a high-explosive anti-tank (HEAT) missile
containing 2 shaped charge warhead. It was intended to be fired from tanks.
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hood. They were ignited using on-board ignition
systems, and the primary grain and gas generator
burn at the same time, exhausting into the 45 psig
rated vessel. When the nussile firing was complete,
the gases were contained until they were cooled. The
gases were metered through a baghouse and HEPA
filter before discharge through a stack. The cycle was
then repeated. The system was designed and pernut-
ted for a rate of eight missiles per hour.

2. Another system, instalied ar a General Dynamics
Corporation commercial demilitarization facility i
Missouri, utilized a semi-continuous feed of sawed
Muluple Launch Rocket System (MLRS) rocket
motor sections that were fed into the containment
chamber and ignited with a pilot torch style ignition
source. The exhaust gases were vented through a
specially designed pollution abatement system to
remove particulate and acid gases. The system was
permitted under RCRA Subpart X. More than 1 mil-
lion 1b of propeliant have been treated through this
systeni.

3. Afull-scale CB demonstration test of large rocket and
nussile motors was performed at Naval Air Weapons
Station China Lake, California. The thermal treat-
ment chamber was approximately 15 ft. in diameter
and 80 ft. in length, equipped with a remotely actu-
ated propellant loading system, an ignition systemn,
and a pollution abatement system. The pollution
abatement system was designed to scrub alumina
particulate and hydrochloric acid from the exhaust
gases, which are the primary products of combus-
tion of the aluninized ammonium perchlorate (AP)-
based propellants contained in these motors. Testing
demonstrated that the peak pressures (about 70 psig)
and temperatures reached in the chamber were con-
sistent with the designed operating parameters. Com-
plete combustion was achieved with very low CO
levels. The pollution abatement system performed as
designed with very efficient removal of particulates
and hydrochlorie acid >

The applications described above, although no longer in
operation, gave the Army and its conlractors experience in
the firing of rocket and missile motors in contained cham-
bers. The China Lake facility was a predecessor to a larger
ongoing rocket and missile motor CB facility being ased by
PD Demil, as described below.

3 El Dorado Engineering: Contained Burn Process Description and Ap-
plication, no date.

A Large Rocket Motor Coniained Burn Application:
Ammonium Perchiorate Bocket Molor Destruction
{ARMD) Facility

In February 2014 the Letterkenny Munitions Center
(LEMC) began the permitting and approval processes to
establish a contained, thermal destruction capability for tact-
cal solid rocket motors that contained Hazard Class 1.3 AP-
based motors. Most motors consist of ammonium perchlorate
(AP) as the oxidizer and an alumimum/rabber binder as fuel
and comprise the largest portion of the mussile dennlitariza-
tion ventory. From 2014 to 2017 LEMC reported 4,613 AP
rocket motors destroyed by OB static firing.

The ARMD facility consists of a preparation building;
a segmentation building: a remote automated motor seal-
ing, loading, and ignition completion (RAMSLIC) shelter,
the 115 ft. long, 19 ft. diameter thermal treatment system
chamber; a PAS; and an effluent waste handling system
{(Figure 4.2). Major components of the PAS mnclude a spray
tower, a ventusi scrubber, a packed bed scrubber tower, and
an induced draft fan. The facility has been approved by the
DDESE and has received the necessary CAA permit and
RCRA Subpart X approvals by the Pennsylvania Department
of Environmental Protection.

The LEMC ARMD facihity conducted the first MLRS
demilitarization operation in January 2017. It is designed to
conduct the demilitarization of a wide range of Army and
other service rocket motors (~28 different rocket motors).
Four rocket motor types will require segmenting to enable
demilitarization in the ARMD facility. As of early 2018
small rocket motor family testing has been successfully
completed.®

Throughput Capacity

Design throughput for the system 18 10,000 cycles per
year. The facility is designed to process both intact and seg-
mented rocket motors, with a maximum propellant load of
805 pounds per batch cycle and a maximum throughput rate
of three cycles per hour. Under the RCRA Subpart X permit,
the maximum amount of propellant (NEW) treated is not to
exceed 32,100 pounds per day and the maximum number
of firings 18 not to exceed 60 per day. The actaal propellant
NEW treated per day will vary due to differences in rocket
motor sizes heing processed.

Environmental Impacts

The ARMD facility polhation abatement system achieved
a greater than 95 percent reduction in HCI and greater than
98 percent reduction in particulates in stack testing. The
process produces solids, primarily aluminum oxide, that have
been tested and shown to be a nonhazardous waste, as well

* Commuittee visit to LEMC, October 26, 2017.
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FIGURE 4.2 Ammonium Perchlorate Rocket Motor Bestruction Facility thermal treatment chamber. SOURCE: R. Hayes, president, El
Dorado Engineering, “El Dorado Engineering’s Technologies for the Denulitarization of Conventional Munitions,” presentation o the
committee, October 24, 2017.

as a magnesium chiornde brine solation that testing has also
shown to be a nonhazardous waste.”’

Parsonnel Safety

Operators are required to prepare the rocket motors for
firing 1n the chamber. The motors are unpacked, and mert
fing are removed. Following manual insertion of an igniter
and transport to the motor loading area, the operators retreat
to a control room, where the motor is remotely ignited. The
motor 1s washed down (while still in the chamber) to cool
it and remove residual HCI prior to the operators manually
unloading the chamber with an overhead crane. For ease of
operations and for operator safety, the neutralizing reagent
used in the PAS 1s magnesium hydroxide. A full-system fail-
ure modes and effects analysis (FMEA) and hazards analysis
have been performed on the system and an approved SOP is
in place for operations.*®

37 Information provided to committee by PD Demil, April 2018,
3 Thid.

Cost

Design, construction, and installation costs were not
provided to the committee. PD Demil states that operational
costs have not been established since the process s stil in
acceplance testing.

Static Detonation Chamber {8BC)

The SDC is a contained chamber 10 which munitions
are destroyed as a result of their being externally heated in
a closed vessel with either a detonation or, more usually, a
slower deflagration of the energetics in the munition taking
place. As such, it is considered to be primarily a CB cham-
ber, although it does have CD capabilities. A represenfative
SD(C is shown in Figure 4.3, and a cutaway of the treatment
chamber is shown in Figure 4 4.

The SDC is a near-spherical, electrically heated, armored
dual-walled statnless steel chamber with an inner diameter
of 1.2 meters for the SDC Model 1200 (different models can

* 1bid.
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FIGURE 4.3 Static Detonation Chamber. SOURCE: H. Heaton, Dynasafe, “The Static Detonation Chamber and Conventional Demilitariza-
tion,” presentation o the commitiee, Gctober 23, 2017,

have different inner diameters). Munitions are fed into the
chamber through two offset loading chambers, cach hav-
g its own hydraulically operated door and inflatable seal.
The upper loading chamber has airlock doors and the lower
loading chamber has a blast door between it and the detona-
tion chamber. The doors, loading chambers, and detonation
chamber are all designed to resist and contain the overpres-
sure from a detonation of up to 23 pounds for non-mass
detonating materials. The SDC is permitted for detonations
of up to 5.29 Ib NEW for mass detonating materials (Hazard
Class 1.1) and up to 184 Ib for non-mass detonating mate-
rials (Hazard Class 1.2 and above)®

The interior of the detonation chamber is not open to
the atmosphere. Munitions are dropped inte the chamber
from above and onto a scrap bed heated to 932°F-1.022°F
(500°C-550°C) at the bottom of the chamber. The chamber is
heated with electrical resistance clements to a temperature of

W T, Garrett, site project manager, ANCDF, PEQ ACWA,, “Anniston
Static Detonation Chamber Status,” presentation to the committes, August
23,2017,

3, 4

1,022°F-1,112°F (550°C-600°C), resulting in deflagration,
detonation, or burning of the munition’s explosive fill.

The detonation chamber is periodically emptied by dis-
engaging from the lower loading chamber and being rotated
nearly 180 degrees in order that most of the mumtion frag-
ments can be dropped into a scrap bed in a bin. Some of
the scrap 18 retained as a bed for the next series of munition
feeds. Following scrap removal, the chamber rotates back to
an upright position.

Offgases are transferred to a heated huffer tank/cyclone
and thermal oxidizer operated at 2,012°F (1,100°C), fol-
lowed by a guench, aqueous scrubbers, activated carbon
filters, and other poliution abatement equipment that may be
reqaired by permits. Scrubber hiquids are recycled back nto
the process, resulting in no liquid waste discharge.

Throughput Capacity

The §DC located at the Anniston Army Depot (ANAD)
i Alabama operates under a RCRA Subpart X permut and
has demilitarized a variety of munitions and energetics,
including several that exist in the conventional munitions

Copyright National Academy of Sciences. All rights reserved.
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FIGURE 4.4 Static Detonation Chamber treatment chamber. SOURCE: T. Garrett, site project manager, ANCDE, PEO ACWA, “Anniston
Static Detonation Chamber Status,” presentation o the commitiee, August 23, 2017,

stockpile (BSA Account). These include more than 46 000 60
mm cartridges (DODIC B632): more than 9,600 20 mm car-
tridge canisters (DODIC C410); bagged propellant charges
(DODIC D341); 265 2.75 in. warheads (DODIC HE842);
20,000 mechanical time and superguick fuzes (DODIC
N285Y; and almost 37,000 point-detonating fuzes (DODIC
N335

Throughput rates depend on the size and complexity of
the munition processed, the munitions’ NEW. and the time
required for them to heat up. Examples of estimated SDC
throughput rates for processing munitions in the conven-
tional munitions stockpile that are currently being demilita-
rized using OB or OD are given in Table 4.1.%

The SDC appears to have the capability of processing a
large variety of munitions, some of which can be fed directly
mto the chamber and others that may require one or more
preprocessing or downsizing steps as noted in Table 4.1. The
SDC manufacturer notes that throughput rates are himited

4T, Garrett, site project manager, ANCDF, PEO ACWA, “Anniston
Static Detonation Chamber Status.)” presentation to the conunittee, August
23,2017.

* Dynasafe Responses to committee questions, January 28, 2018 (letter
from Harley Heaton).

by “the ability of the SDC to absorb or reject heat from the
feed materials."*

Environmental Impacts

Al gaseous emissions from the SDC are held in a buf-
fer tank prior to being treated in a pollution control system.
Solid wastes, such as scrap metals, are held in the chamber
at 1022°F (550°C) to render the scrap suitable for release for
unrestricted use, allowing them to be recovered and reused.
Dry salts from feed materials, spent filters, and collected dust
are sent offsite for disposal. If the heavy metal content of the
salts and collected dust render them hazardous materials, an
RCRA-permitted treatment, storage, and disposal facility
(TSDFE) is used to dispose of them.

Personnel Safety

Risks to worker health and safety are considered to be low
due to the use of an automated loading system and remote
operation of the SDC. The largest risk to workers are possible
burns from exposure to hot metals and dust inhalation from

**H. Heaton, Dynasafe, “The Static Detonation Chamber and Conven-
tional Demilitarization,” presentation to the committee, October 23,2017,
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TABLE 4.1 Examples of Munitions That Can Be Processed in the SDC

ALTERNATIVES FOR THE DEMILITARIZATION OF CONVENTIONAL MUNITIONS

Total Tons in

B3A-—asof NetExplosive Estimated

Munitions Treated OB/OD September erght (NEW) per Processing Rate Processed
(from 400 List) DODIC # 30, 2017 Munition Processing Steps (munitionsthour)  wm SDC
Cartridge, 60 mm HE M42A2/ B632 207391 1.839 Direct feed. 50 Y
Ad
Cartridge, AF 30 mum high- B104 287.23 0.1019 Direct feed. 400 Y
explosive tncendiary PGU-
13/B A/B linked
Cartridge, 90 mm canister D410 132.48 16 Dhrect feed. 50 Y
anti-persoanel MS590
Cartridge, 81 mm HE M374/ (256 640.88 2428 Direct feed. 50 Y
EI/AZ/AS
Cartridge, 105 mm TP-T C511 12677 120881 Direct feed with propeliant. 18 Y
M490 and E1/A1
Cartridge, 105 mm TPDS-T €520 277172 10.14 Direct feed. 18
M724A1
Cartridge, 90 mm canister 601 42128 9057 Pirect feed. 300
anti-personnel M27
Projectile, 155 nun HEAT D510 138947 14.759 Unmate, remove fuze, cut shaped 13
M741 (Copperbead) charge. reduce NEW per feed.
Charge, propelling 155 mm D533 298860 2222 Remove lead foil, break up, and 10 Y
WEB M9 Series without feed in two feeds.
primer
Charge, propelling 155 mm 541 2041.39 14 Direct feed, may remove lead disc. 16 Y
WB M4 Series
MA2/MA46 subnmnttions ondy  DS63 6.377 Remove copper cone/defeat 1,000 Y

shaped charge.
Charge, propelling 8 in. D675 93.71 14313 Direct feed. 15 Y
GB M1
Dispenser and bomb, ACFT 890 1.,854.56 129 Remove submunitions, defeat i
CBU-87B/B (submunitions shaped charge.
only)
Warhead, 2.75 . HE H842 218342 24 Unmate and cut rocket/warhead. 60 Y
XM/MIEST
Canister, mine HE F/XM/MB7 K045 21536 7.598 Press internal components out of 81 Y
Voleano mine body.
Fuze, ME24F /mine anti-tank K068 187.81 0.004 Pirect feed. 11 Y
Mi3
Mine, anti-personnel MISAL K143 168 57 1.57 Direct feed. 84 Y
with firing device
Cartridge, engine starter M158 1,201.69 8 Direct feed but spent case may 28 Y
MXU-4A/A countain hazardous materials.

Process filters and salts may be

contaminated.
Dynapte, military M1 TNT  MS91 420.79 .39 Direct feed. 509 Y
{1375}
Fuze, mechamcal ume and N285 122657 0.0016 Phrect feed. 3000 Y
superquick M577/A1
Fuze, PD M557 N335 1,551.23 0.0526 Direct feed. 3,750
Fuze, P M739/A1 N340 1,558.74 0.0499 Direct feed. 44091 Y

Copyright National Academy of Sciences. All rights reserved.
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sorting scrap after removal from the SDC. However, these
risks can be mitigated by requiring workers to wear appro-
priate industrial personal protective equipment (PPE) or by
other engineering controls. such as using a ventilation hood.

fost

The Dynasafe SDC 1200, located at ANAD in Alabama,
13 owned and operated by the Army. In addition to chemi-
cal munitions, this unit has processed tens of thousands of
small conventional munition items, as listed in Table 4.1.
Based on operating experience in the United States, the
SDC appears to be cost competitive with other demilitariza-
tion technologies that process small to mediuni-size mumi-
tions —for example, rotary kiln incinerators. Labor costs
appear to be moderate: several staff to operate the unit, two
to four more staff in a control room, and additional staff to
operate the SDC’s poliution abatement system. As with other
comparable technologies, the SDC will incur costs for setup,
closure, operations and maintenance, regulatory compliance,
monitoring, and disposal of treated residuals.

DEACTIVATION FURNACES/ROTARY KILN
INCINERATORS

Dieactivation furnaces and rotary kiln incinerators are sys-
tems that demilitarize small munitions, larger munitions that
are suitably preprocessed, and mumition components, within
the size and NEW hmitations of the system in question. They
are CB chambers in that combustion takes place in a closed
vessel with efffaents being treated in pollution abatement
systemis containing afterburners, filters, scrubbers, and other
equipment as needed. Some of them also have modest CD
capabilitics when processing small arms ammunition, fuzes,
and other low NEW munitions. The technologies in this cat-
egory that have been used by the Army and its contractors
meluade, but are not limited to, the U5, Army APE 1236, the
El Dorado Engineering Explosive Waste Incinerator (EWI},
the General Dynamics Rotary Kiln Incinerator (RKI. U.S.
Demil’s Decineration process using an electrically heated
rotary furnace, and the U.S. Army’s Bulk Energetics Dis-
posal System (BEDS), where slurried energetics are fed to a
rotary kiln incinerator. These are described below. Conven-
tional rotary kiln incinerator technology has been adapted
for small arms destruction and provides continuous process-
mg. Centered on a hollow, tubular chamber, internal spiral
rifling acts as a screw conveyor: the munitions are loaded
at one end, transferred by the screw as the chamber rotates,
and extracted at the other end. Munitions trave] through the
chamber in a heated environment, heat being supplied to the
outside of the chamber (e.g., Decineration process) or to the
mside of the chamber from a combustion flame (e.g., APE
1236). Overall treatment time for munitions is controlied by
the rotation rate of the chamber. The tubular chamber may be
segmented to match different temperature regimes or heating

4
~3

rates, or to allow some sections to be reinforced to withstand
detonations when destroying explosive materials (e.g., APE
1236). Product gases are directed into a downstream pollu-
tion abatement system. Other thermal treatment technologies
such as car bottom and flashing furnaces are described in the
“Thermal Decontamination of Munitions Scrap” section of
this chapter.

APE 1236M2

The APE 1236M2 is used to process small arms, primers,
fuzes, and other small items. It can also be used as a flashing
furnace for small projectiles after the energetics have been
washed out. It is a fixed (nonmobile) 20-t. long, 3-ft. diam-
eter horizontal retort with a spiral internal element (batfle)
that acts as a screw conveyor, moving materials through the
unit from the feed end to the discharge end, where the oil- or
gas-fired burner is located as the retort slowly rotates. The
mternal spiral flights are 10 1n. high and are spaced about
30 in. apart. The side walls are 2.25 in. thick overall exceptin
the center of the retort, where the side wallis 3.25 . thick . It
can process a single piece that 1s up to 5 in. in diameter and
18 in. long. The temperature at the discharge (burner) end
of the APE 1236 1s about 1,200°F and about 600°F-900°F
in the middle sections.

The PAS for the APE 1236 includes a cyclone to remove
dust, an APE 1403 afterburner to further heat combustion
gases and destroy remaining organics, an APE 1404 high-
temperature ceramic baghouse, an induced draft (ID) fan,
and gas sampling equipment. A picture of the APE 1236 and
its PAS 1s shown i Figure 4.5,

Throughput Capacity

The feed rate for the APE 1236 will vary; the range is
usually 600-800 grains (0.086-0.114 Ib NEW) per item at
a typical rate of one item per second. For a processing rate
of 800 grains/second, the throughput i3 410 Ib/hr NEW,
although more generally, a processing rate of 240 Ib/hr NEW
1s used (Sullivan, 2015).

Environmental Impacts

APE 1236M2 rotary kiln incinerators are permitted as
Maximum Achievable Control Technology (MACT) units
under the CAA and as meinerators under the RCRA. The
PAS 18 not designed for dioxin or furan control. An upgrade
to the PAS to replace the ceramic baghouse with a combina-
tion of an evaporative cooler and a fabric filter baghouse s
under consideration to reduce dioxin and furan emissions
that would be associated with some energetics, expanding
its treatment capabilities

“ Thid.
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FIGURE 4.5 APE 1236M2 and pollation abatement system. SOURCE: J. McFassel, product director for demilitarization, PEO
AMMOG, and O. Hrycak, chief engineer. Otfice of the Product Director for Demilitarization, PEO AMMO, “Emerging Technolo-
gies Addressing Alternatives to Open Burn and Open Detonation,” presentation to the commitiee, Angust 22, 2017.

Parsonnel Safety

Safety information that pertains to technology-specific
equipment and lower-level safety incidents was requested
but not provided to the commttee.

Cost

In a study of potential productivity improvements i the
operation of the APE 1236M7Z incinerator, 1t was noted that
there are “limited tools for measuring actual demilitariza-
tion costs”:* thus, cost information was not available to the
commitiee.

Explosive Waste Incinerator (EWE)

The EWI. designed by El Dorado Engineering, i3 an
updated version of the APE 1236. It processes SAA. fuzes,

# Ihid.

projectiles up to 30 mn, grenades, bulk explosives, and
propellants. It can also be used as a flashing furnace to ther-
mally decontaminate metal parts. Munitions and configured
items are fed into the EWI on an 8-in. wide pan conveyor.
Bulk materials are placed in a combustible container that can
carry material containing up to 5 1b NEW per load. Larger
munitions can be handled after a size reduction preprocess-
g step-—for example, use of a band saw, shear, or water
jet cutter.

Throughput Capacity

The EWI can process a wide variety of intact SAA at a
rate of up to 25 000 rounds per hour (approximately 1,500 I/
hr). Fuzes can also be processed at rates ranging from 400 to
2,000 items per hour. The EWT can process bulk explosives
at arate of up to 330 NEW Ib/hr (150kg/hr), including Comp
B, Comp A3, TNT, M1, M6, and M9 propellants. It can also
flash materials at a rate of approximately 2,000 Ih/hr.

Copyright National Academy of Sciences. All rights reserved.
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Environmenial Impacts

The EWI PAS is designed to meet regulatory require-
ments. It may include a cyclone to separate particulates,
an afterburner, a fabric-filtration baghouse, a gas cooling
system, an ID fan, and continuous gas emissions sampling
equipment. Metals (typically including steel, brass, and
lead) are discharged from the rotary kiln incinerator and are
separated (with optional automated equipment) for recovery
and recycling.

Perspnne! Safety

The EWI rotary kiln incinerator provides primary contain-
ment of blast and fragments. Internal flights also provide
containment and charge separation so that detonations in one
section cannot propagale to adjacent sections. The rotary kiln
incinerator is situated in an enclosure designed and verified
by testing to contain hlast and protect operators in the feed
room from negative consequences (including hearing Joss)
from the maxinmum credible event inside the rotary kiln
incinerator. Control interlocks are also used to notify the
operator and take corrective actions in the case of a fathure
of the system.

{ost

The EWI vendor states that the cost of an EWI system
with advanced pollution controls ranges from 83 million
to $6 million, depending on the site location and options
selected * Other cost information was not made available
to the comnuitee.

Rotary Kiln Incinerator (RKI)

The General Dynamics RKI is also physically sinular to
the APE 1236. The RKI 1346 ft. long versus the 20 ft. length
of the APE 1236 It can process HE munitions up to 40 mm in
size and some non-HE nunitions up to 60 mm —for example,
grenades, fuzes, cartridge- and propellant-activated devices,
propellants, and bulk explosives. As with the APH 1236, the
burner is at the discharge end of the RKI and uses natural gas.
The PAS includes a secondary combustion unit (afterburner).
a spray dryer, a baghouse, and filters.

Throughput Capacity

The RKI throughput varies with the munition processed
and is up to 600 Ihvhr (NEW) and up to 3,100 Ib/hr (total
weight) —somewhat greater than the APE 1236, As with the
other RKIs, larger size or higher NEW munitions need to be
cisassembled or otherwise downsized (e.g., by a band saw
or a waterjel) prior to feed.

46 Bl Dorado Engineering, response to commitiee request, May 2018,

Environmental Impacts

The air pollution control system (APCS) for the RKI
contains an afterburner, a spray dryer, and a baghouse. The
systern uses waste feed cutoffs to shat down the material feed
system in the event that an emission limit is approached. This
control system does not allow material to be fed into the RK]
untif emissions are below predetermined operating levels.

Personnel Safety

The RKI uses automated equipment [o process muni-
tions once they are in a state where they could be a hazard
to operating personnel. The automated equipment includes
size reducing munitions and submunitions into components
that can be thermally treated in the RKI.

Cost

Costinformation was not made available to the commitiee.

Decineration

The Decineration process, developed by U.S. Demil
LI.C, uses a horizontally mounted rotary kiln (Harper Inter-
national rotary kiln) to demilitarize small arms ammunition
and munitions such as mines, canisters, and fuzes. It differs
from the APE 1236 and other kiln-based incineration tech-
nologies m that there i1s not a burner at the discharge end;
mstead, heat is applied externally to the kiln to decompose
long molecular chain energetics such as nitrocellulose and
nitramines mto shorter chain hight hydrocarbons by fractur-
ing carbon-carbon, carbon-nitrogen, and other bonds. The
decomposition takes place at temperatures of 450°-750°F
without contact between the material being processed and
the external heating source. Following treatment in the
Harper kiln, particulates are removed in a PAS that inchides
a multistage wet scrubber, an induced draft fan, and an
electrically initiated catalytic convertor (oxidizer). From a
regulatory standpoint, Decineration is considered to be a
nomincineration, thermal process in that it does not destroy
the energetics in the rotary furnace but decomposes them to
organic vapors, allowing separation of the energetics from
the metal components of the munitions.

U.S. Demil states that an ¢xisting unit has a NEW of
7.03 1b TNT-equivalent and that a thicker wall unit can have
an NEW of 45 Ib TNT-equivalent.” This process has been
used to demlitarize 22 DODICs, including one in the stock-
pile that has been open detonated: the N285 fuze *® The other
21 DODICs that have been processed include a variety of

#Letter from David Kautz, president, U.5. Denul, LLC, to James Myska,
NAS program officer, no date.

#8 “Decineration™ — A Comparative Economic Study: Report of Find-
ings,” prepared by U.S. Demil, LLC, July 3, 2014,
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fuzes, 20 mm and 40 mm cartridges, primers, blasting caps,
and other small munitions.

Throughput Capacity

As with other contained burn chambers. processing rates
will vary with the munition being treated. U.S. Demil states
that a pilot scale demonstration of the Decineration process
at the Tooele Army Depot had a production rate of 500 Ih/br
NEW but that this production rate was capped by the state
of Utah’s permitting conditions.* A total of 21.8 tons of
material was processed.

Fnvironmental Impacts

As noted above, Decineration is considered to be a non-
mcineration process. The state of Indiana considers it to be
a materials-recovery process since metal components are
separated from energetics, which are volatilized, and can be
reclaimed as scrap metal.™ The process operates pursuant
to an Indiana Department of Environmental Management
(DEM) letter of determination that no RCRATSDF permit
is required because the process would be considered mateni-
als recovery under the Military Munitions Rule (MMR: 40
CFR 266.202(2)(2)).%! It is permitted in the state of Utah,
which is not an MMR signatory state (see Appendix (), as
a Subpart X miscellanecus treatment unit. Although it does
not produce sofid or hquid wastes, the “erussions/APCE”
(air pollution control equipment) was cited by EPA as an
environmental concern in a preliminary compilation of pos-
sible alternative technologies for destroying M6 propellant
at Camp Minden, Louisiana.””

Parspnnel Safety

U.S. Demil states that in the pilot scale demonstration
of the Decineration process at the Tooele Army Depot there
were no high-order or safety stand down events.®® Other
safety mformation is not available.

Cost

As an example of net operating costs, US. Demil states
that for pilot scale testing at the Tooele Army Depot, where
21.8 tons of materials were processed by the Decineration
process, operation costs were $1 083/ton, waste disposal

¥ Communication from David Kautz, U.S. Demil, to the conunittee,
March 29, 2018.

1 etter from Indiana Departinent of Environmental Management dated
June 14, 2016,

3! See Chapter 6, n. 49.

32 See https://www.epa.govisites/production/files/2015-03/docu-
ments/9545941 pdf.

53 Copmunication from David Kautz, U.S. Demil, to the comuniitiee,
March 29, 2018,

costs were another $7/ton, and the value of recovered
materials (scrap metal} were $1,027/ton. Thus, a net cost
of $63/ton was reported for this application® These fig-
ures may not be representative of operating costs for other
applications.

Bulk Energetics Disposal System (BEDS)

BEDS is a CB technology developed to destroy hulk
encrgetics such as propellant. It 1s described by the Army as
a “process of disposing bulk propellants and explosives via
water shury feed into a refractory-lined rotary kiln incinera-
tor with an afterburner. The slurry feed system reduces the
size of propellant pieces and prepares a water-based slurry
for feeding to the rotary kiln incinerator. The propellant is
prepared using a wet grinder, a slurry mix tank, a spray-water
tank, and a shurry feed tank. The rotary kiln incinerator is
equipped with two burners to consume all combustibles. The
svstem includes & PAS consisting of an evaporative cooler,
a hydrated lime hoppes/injector, a baghouse, an induced
draft fan, a continuous enussions monitoring system. and an
exhaust stack.”*

The BEDS i3 intended to demilitarize single-, double-,
and triple-based bulk propellants in the form of fine pow-
ders, grains, extrusions, sticks, rolls, and other shapes.
Other propellants currently loaded in munitions may, in
the future, be treated following removal of the propellants
from the munitions. BEDS is omnivorous, with 43 encrget-
ics identified as potential feedstock >® Propellant is fed as a
25-percent-weight propellant and 75-percent-weight water
at a shurry feed rate of 2,200 Ib/hr or 550 Ib (0.275 tons) of
propellant per hour.

Throughput Capacity

The BEDS capacity 18 limited by permit conditions; in
the state of Nevada, where a BEDS upit was installed and
permitted, but is not currently in use, the total quantity of
NEW in waste munitions (o be treated in BEDS was imited
to 858 tonsg per calendar year, although this was subject to
change upon completion of a Cumulative Human Health
and Bcological Risk Assessment (HHERA)YY Processing
858 tons per year 1s equivalent to a processing rate of 350 1b
{(0.275 tons) of propellant per hour for 12 hours per day and
for 260 days per year.

> “Decineration’ ™ — A Comparative Fconomic Study: Report of Find-
ings, Tooele Army Depot (TEAD) Test Location,” US. Demul, LLC, July
3,2014,p. 48

35 Hawthorne Army Depot Hazardous Waste Management RCRA Permit
NEV HW0023, Section 7¢: BEDS Incinerator Conditions, September 2013,

o Table W-1 in Waste Feed Characterization for BEDS (40CFR 270.14(b)
(2)&(3) and 270 62(0X(2)(1)).

7 Nevada Division of Favironmental Protection, RCRA Permit
NEVHWO023, September 2013, Section 7C, pp. 1-2.
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Environmenial Impacts

Wastes produced by BEDS inchude incinerator ash, cal-
cium salts. and uareacted lime. The RCRA permit for BEDS
states that the maximum particulate matter allowed s 180 mg
per dry standard cubic meter and the maximum CO in the
stack exhaust gas should not exceed 100 ppm over a | hour
rolling average.

Personne! Safety

Information about personnel safety was not available due
to insufficient operating experience with BEDS.

fost

Information about the costs of installing and operat-
ing BEDS was not available due to insufficient operating
experience.

NONINCINERATION ENERGETICS DESTRUCTION
TECHNOLOGIES

Energetic materials can be destroyed using any of several
nonincineration processes other than the CB and CP technol-
ogies described above. Those used include industrial super-
critical water oxidation (iISCWO), for oxidizing and miner-
alizing munitions energetics and bulk explosives; stationary
base hydrolysis oxidation, where energetics are mixed with
a strong base and heated; and sulfur reduction chemistry to
convert energetics to nonhazardous end products.

Other technologics exist but are not as well developed
for munitions applications and were not reviewed by the
comnttee. These include molten metal pyrolysis, alkaline
hydrolysis oxidation, molten salt oxidation, wet air oxida-
tion, biodegradation, and plasma arc incineration.

indusirial Supercritical Water Oxidation (iSCWD0)

Supercritical water oxidation is a process that mineralizes
organic maferials such as propeliants by reacting them with
an oxidant such as atmospheric oxygen in water that is above
its critical temperatare of 705°F (374°C) and critical pres-
sure (218 atmospheres or 3,206 psia). Above these values,
water i3 in a supercritical state where it does not separate
into gaseous and Higuid phases. In a supercritical state, water
becomes a solvent for organic encrgetics such as propellant.
Dissolving energetic materials in supercritical water results
in the rapid oxidation of the energetic material. The iSCWQ
technology operates at 1.202°F (650°C) and 3,400 psia.

1ISCWO reactions to treat energetics would take place
i a tubular, vertically oriented reactor pressure vessel
constructed of appropriate materials, such as Hastelloy. A
Hastelloy sleeve would be placed inside the pressure vessel
and a sacrificial (replaceable) titanium liner would be placed
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mside the sleeve to prevent corrosion of the sleeve and the
pressure vessel. Reactor liners for iSCWO units currently in
use for other applications are 10 1. high and have an inner
diameter of 7.625 m. Feed material, such as sturried propel-
lant, would be introduced at the top of the reactor vessel
and move downward to exit at the bottom. The oxidation
reactions are exothermic and the temperature of the reactor
effluent is around 1,112°F (600°C). Quench water cools the
effluent to below its critical temperature. Reaction products
include water, CG,, and salts.

The 1ISCWO technology can be used to treat any organic
material that can be processed as a water shurry. Although the
feed to an 1ISCWO reactor would be a mix of water and pro-
pellant or propellant wastes, there would be a need to reduce
the propellant grain size beforchand to increase the surface
arca exposed for reactions. Thus, some preparation of the
slurried propellant material —for example, grinding —would
be needed prior to feeding it to the ISCWO reactor. The shurry

Throughput Capacity

The throughput capacity of an 1ISCWO reactor would vary
with the reactor size and feed. 1ISCWO reactors developed
for use at the Blue Grass Chemical Agent Destraction Pilot
Plant (BGCAPP) in Kentucky will have a throughput of
3 gpm, and a larger capacity unit developed for processing
propellant at the Blue Grass Army Depot had a capacity of
10 gpm. The destruction range for propellants varies from
130 to 240 Ihvhr, depending on the propellant composition.

The footprint for an ISCWO unit as currently configured
for other applications is roughly 25 ft. long, 8 ft. wide, and
15 ft. high. and a typical system includes pumps, the iISCWO
reactor, a gas/liquid separator, gas and hiqud effluent moni-
toring equipment, and process controls. The structure con-
taining the three 1ISCWO units at the BGCAPP n Kentucky
are much larger, however.

In its supercritical state, water is not a good medium for
dissolving salts; thus. salts present in the feed stream or that
form in the reactor may precipitate out of golution, resulting
in accumulation on reactor walls and plugging at the reactor
outlet. Salts can be managed by adding other materials to
the reactor feed that allow salts to remain liquid and flow
down the reactor walls to a guench zone at the bottom of
the reactor. The extent to which propellant-based salts will
accumudate in an 1ISCWO reactor and the need for using feed
additives can be determined by running computer models
followed by ruonning tests. Depending on the waste feed.
the titanivm liner and the thermowells that contain thermo-
couples to monitor internal operating conditions may need
to be periodically replaced. ncurring downtime and costs;
hiner replacement is estimated to take about 4 howrs and
thermowell replacement about 3 hours,

For processing chemical agent hydrolysate, it was recom-
mended that thermowells be replaced every 100 hours and the
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titaninmm liners replaced every 300-400 bours ** Replacement
frequencies when processing shurried propeliant, however,
may be lower. When processing chemical agent hydrolysate,
excess oxygen and a fuel (sopropyl alcohol) will be added.
This should not be necessary when processing higher BTU
content slurried organic wastes such as propellants.

Environmenial Impacts

Emissions resulting from 1ISCWO processing will depend
on the composition of the propellants and other organic
energetics treated. (ases released to the environment are O,,
C0O,. N,, and water vapor. Liquid and solid effiuents include
salts, water, and possible metallic oxides, depending on the
feed. Any metals in the waste feed will be oxidized and can
cither be discharged or filtered as necessary. Halogens in
the waste feed will be converted fo salt and discharged as a
higuid efffuent. A 10 gpm unit processing a shury consisting

9 gallons of water per minute; a consideration if considered
for use in an area with himited water resources. A SCWO
system has been designed that will use reverse osmosis to
remove salts from the water and recycle the water for use in
the SCWQ system. This system i1s undergoing systemization
at the BGCAPP i Kentucky.

Personnel Safely

Although operating personnel are not exposed to the
supercritical fluids in the 1ISCWO reactors, safety concerns
have been identified in a previous study of iISCWO opera-
tions.” For example, personnel may be performing main-
tenance activities on an 1ISCWO unit while an adjacent unit
18 operating, potentiafly exposing them to “the unexpected
release of steam due to failure of an operating unit.”® Over-
all, 1ISCWO 13 expected to have the same potential industrial
hazards to workers that are present with operating other high
temiperature and pressure systems, for example, a boiler.
This issue 18 usually dealt with by enclosing the system in a
metalfic shield and separating the multiple units.

fost

Costs per unit of material treated will depend on numer-
ous site-spectfic factors inchuding the guantity of material
to be processed, the chemical and physical composition
of the materials (affecting treatment requirements), RCRA
and other regulatory treatment requirements, fixed costs in
setting up and then removing the freatment units, operating
costs, closure, and, if owned by the Army, acquisition costs.
However, the cost of the unit and maintenance, especially

58 NRC, 2015, p. 19,
Y NRC, 2013, pp. 26-27.
0 Thid.

considering the need for periodic replacement of ttanmum
liners, i3 expected to be high.

Stationary Base Hydrolysis Oxidation

In this process, energetic wastes such as explosives (e.g.,
TNT, RDX, HMX) are nuxed with a strong aqueous basic
solution {(e.g., NaOH) and heated to 90°C-150°C, resulting
in alkaline hydrolysis of the explosives and decomposition
of the wastes. The process has been demonstrated with bateh
feed of up to 122 Ib of material every 30 minutes. There
are some safety concerns. Hydrolysis of TNT, for example,
would probably prodace phenolics, the simplest of which,
phenol, is corrosive to the skin and i3 a systemic toxin. The
reaction s highly exothermic with foaming and rapid reac-
tions taking place.

In a variant of this process, energetics are first dissolved
in dimethylsulfoxide (DMSO). The dissolved explosives
are then added to the basic agueous solution (NaOH) at
G0°C-20°C 1o form a reaction mixture where the reaction
is between the dissolved explosive and the base and where
the explosive 1s hydrolyzed. An aqueous acid solution is
then added to the basic explosive-containing solution to
neutralize it. Because the explosives are fully dissolved in
DMSO prior to hydrolysis, there is greater control over the
reaction rate, resulting in a more efficient reaction and less
foaming. Reaction products are filtered to remove solids,
liquids are evaporated to isolate salts that remain after the
higuids evaporate, and gases are scrubbed and released to the
atmosphere. While the process has been patented, it has not
been demonstrated under operational conditions.

Stationary base hydrolysis oxidation equipment has been
used at the Tooele Army Depot in Utah. where, between
FYZ005 and FY2011, it demilitarized 1,715 tons of small
aluminum body cartridge actuated devices (CADs) and
propellant actuated devices (PADs) by dissolving the alu-
mammumn bodies and energetic materials in a NaOH bath. The
NaOH solution containing aluminum and energetic material
was shipped to a harardous waste contractor for treatment
and disposal. The system is currently inactive because the
inventory of CADs and PADs has been depleted, but it i3
available for future use if needed. The operating costs were
$5,849 239, and the average cost was $3,411 per ton.® Infor-
mation about environmental impacts and personnel safety
aspects of this technology was not available.

MuniRem

The MuniRem technology utilizes sulfur reduction chem-
istry to reduce and degrade energetics to nonhazardous end
products. MuniRem formulations are tailored to each appli-
cation to ensure desired results. The MuniRem technology

81 *Stationary Base Hydrolysis Oxidation Costs.” Spreadsheet provided
by PD Demil to the committee, April 2018,
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has been demonstrated to decontaminate energetics-contam-
mated equipment, pipes, soils, and metal surfaces, and to
dissolve and neutralize explosive residues and propellants.

Decontamination applications involve spraying the
MuniRem solution on building walls, large equipment, and
scrap metals (including bomb casings, bomb fragments, and
breached projectiles), or soaking small-size equipment and
scrap metals in Munilem baths. The decontamination occurs
when the contaminated surface is soaked in high-strength
MuniRem solution (15 percent) and allowed to react for
2-4 hours.

The MuniRem technology has been demonstrated and
validated on several field scale projects. To date, it has been
implemented as a component of several demilitarization
efforts, including the on-site breaching and neutralization of

recovered underwater munitions 2

Throughput Capacity

The MuniRem reduction chemistry process is slow. The
vendor indicates that results are generally achieved in “hours
to days” after application. The Army reports that through-
put was 10 Ib/hr for neutralizing ammonium picrate 1n a
100-gallon neutralization tank. A larger neutralization tank
with a heat exchanger should be able to increase throughput
rate, but this has not been demonstrated.

Fnvironmental Impacts

The MuniRem process can be conducted indoors with
litde danger to the user or community.

Personnel Safely

Personnel require PPE to ensure no confact with the
reactive chemicals when spraying the MuniBem solution or
treating scrap metals in the MuniRem baths.

fost

Although the MuniRem technology vendor states that
MuniRem costs are “typically 30-50 percent less than tradi-
tional methods,”® cost data for specific applications of the
MuniRem technology were not provided to the committee.

THERMAL DECONTAMINATION OF
MUNITIONS SCRAP

During normal operations of Army ammunition plants and
depots, considerable waste is generated that is contaminated,
or 18 suspected of being contaminated, with propellants or

52 Nzengung and Redmond, 2016,
53 MuniRem Environmental: MuniRem® Technology Case Studies,” p.
19, no date.
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explosives. According to DobD Instruction 4140.62, “Mate-
rial Potentially Presenting an Explosive Hazard (MPPEH),”
ordnance components that have been in contact with high
explosives must be certified to be free from all explosive
hazards. The certification process requires either two
100 percent visual inspections of every piece of scrap or
appropriate treatment of the scrap. Appropriate treatments
include chemical neutralization and thermal treatment. Fol-
lowing energetics destruction, various methods are available
to clean contaminated metal and other surfaces to allow pre-
viously contaminated materials to be available for recovery,
reuse, or release.

Flashing Furnace/Contaminated Wasle Processor

Flaghing furnaces (Figure 4.6) were originally designed
to treat munition bodies contaminated with trace levels of
energetics and were subsequently modified to thermally
treat other materials (wood, clothing) contaminated with
energetics.

In response to the Army’s search for an environmentally
acceptable method of disposal of these materials, the Ammu-
nition Engineering Directorate (AED), Tooele Army Depot
(TEAD), Tooele, Utah, proposed that a medification to the
Army’s standard APE 2048 flashing furnace would provide a
system that could meet air quality requirements. The system
concept was developed and named the Contaminated Waste
Processor (CWP) and nstalled at TEAD in the carly 1980s.
Although the CWPs are no longer in service due to high
operating costs, the APE 2048 flashing furnaces remain in
service.

An APE 2048 Metal Parts Flashing Furnace was put into
production in February 2007 at the Blue Grass Army Depot
(BGAD), Kentucky. The systemn consisted of a 2-million
BTU APE 2048 primary flashing furnace and a car-bottom
secondary flashing furnace, both fueled with natural gas,
and fitted with an enhanced PAS consisting of a baghouse,
cyclone, gas coolers, and an 8 MMBTU natural gas fired
atterburner. The car bottom furnace 1s currently idle, having
been disconnected from the main unit by a blind flange.

El Dorado Engineering (EDE), West Jordan, Utah, has
also developed flashing furnace technology to decontaminate
explosive contammated materials so that they can be sent
for recychng. The EDE furnace is fully transportable but
can also be wstalled in a fixed location. The trailer-mounted
Transportable Flashing Fumace (TFF) 1s 5 £t high, 7 ft. wide,
and 17 ft. long. It can process loads of up to 10,000 Ib with
typical throughput rates of 5000 Ib of material in a single
batch. Cycle times are 45-90 minutes, depending on the load
8ize. A strongbox is used to thermally treat live items such as
small arms anymunition and fuze components.

EDFE has demonstrated the performance of the EDE TFF
at several Army depots and Air Force bases (treating small
munitions and rocket and missile bodies for recycling),
range cleamaps (hve fuze components and range scrap), and
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FIGURE 46 APE 2048 flashing furnace. SOURCE: J. McFassel. product director for demilitarization, PEO AMMO, and O. Hrycak, chief
engineer, Office of the Product Director for Demilitarization, PEG AMMO, “Emerging Technologies Addressing Alternatives to Open Burn
and Open Detonation,” presentation to the committee, Auguost 22, 2017,

remediation operations at an ammunition plant (energetics
contaminated equipment). At the Hill Air Force Base appli-
cation, EDE established a batch limt of 25 Ib NEW per
Ioad {(no mass detonating materials) and loading rates and
configurations for energetics and metals.

Throughput Capacity

Flashing furnaces are a proven technology to treat small
amounts of energetic residue on metal munitions casings.
The APE 2048 is designed to treat 8,000 Ib metal per hour
with a 2-million BTU/br heat input. The BGAD Title V per-
it limit is 12,300 tons per year and 11,800 Ib/hr mazimum
or 2,085 hours per year. The EDE TFF can process loads of
up to 10,000 Ib with typical throughput rates of 5000 Ib/hr.

Environmental Impacts

The environmental impacts from flashing furnaces, espe-
cially when equipped with air pollution abatement equip-
ment, are low. For example, the APE 2048 at BGAD, which
uses natural gas and has a PAS that uses a cyclone and a

baghouse, reported particulate matter (PM) test results of
0.006 Ib/hr, well below the allowable PM emission Hmit of
2.34 Ibihr.

Personnel Safety

Materials are typically loaded via a forklift. Operators
then leave the area, and all other operations are performed
remolely from a control room. The major personnel safety
concern appears to be the risk of contact with hot treated
metal during the removal and cool down processes. Flashing
furnaces are a well-controlled and monitored process, with
these systems designed to maintain a prescribed set point
temperature for a prescribed time period to ensure that no
encrgetic materials or residuals can yemain. Upon comple-
tion of processing, materials are safe for general release and
recycling with no reactive hazards present.

Cost

Costinformation was not made available to the cominittee.
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EMERGING TECHNOLOGIES

The technologies described up to now have all been dem-
onstrated to completely or partially demilitarize conventional
munitions. In this section, the status of several other tech-
nologies are summarized with respect to recent advances in
their research and development. Several of these, described
below, may have applicability to conventional munitions
demilitarization in the future but are still in an earlier stage
of development than the technologies described above.

Size Reduction

Liquid Jet Cutting {with or without abrasives)

Liqud jet cutting is a technology that has been reviewed
previously and demonstrated at production scales {(Poulin,
2010; Wilkerson, 2006). A number of technology develop-
ment efforts are under way. Aside from water as a working
fiuid, ammonia and CO, have also been reported. Engelmeier
et al. (2018) demonstrated improved jet cutting with CO,
when the work piece and jet were maintained above atmo-
spheric pressure, producing a hiquid- or mixed liguid/
vapor-CQ, jet. Another benefit cited is that both work piece
and cuttings are left dry at the end of processing. CO, has
already been established {e.g., supercritical dissolution, dis-
cussed below, and dry ice abrasion) as compatible with the
processing of munitions and as a strategy for mmimizing or
eliminating aqueous waste streams. Atmospheric release of
the spent CO, gas would likely face scratiny and require use
of offsetting or recovered sources of CO,. Other advances in
jet cutting include the development of models to optimize
work piece surface quality relative to the cuiling rate and jet
nozzle eroston rate. Implementation of such models could
be used to accelerate or otherwise continuously and safely
improve the munition processing rate, particularly after
incorporating munition-specific processing history. To date,
none of these advances has been demonstrated in a demili-
tarization context.

Jet catting uses hmgh-pressure, high-velocity hguid jets
to separate whole munitions either by size or by component
parts for further processing. In the jet cutting process. a
focused liquid jet abrades the mumition surface, with the
depth and quality of the abrasion and other process qualities
determined by the jet traverse speed. The working fluid may
or may not contain suspended solid abrasive particles for
added effect. Both the munition and the liguid jet working
upon it may be submerged in liquid to reduce acroscliza-
tion and loss of the working fluid and to provide additional
capacity for maintaining the temperature of the munition
during the process.
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Supereritical Fluid

Supercritical fluid extraction has been reviewed previ-
ously in the context of demilitarization (Poulin, 2010, p. 39).
Supercritical fluids possess chemical and physical properties
that are often advantageous for industrial and chemical pro-
cesses. Explosive extraction from munifions using supercriti-
cal CO, {exceeding 31°C and 7.3 MPa) has been tested for
reasons previously established (it is nontoxic, nonflammable,
and less of a concern from an environmental perspective);
however, results have shown low solubility of explosives
in supercritical CO,, diminishing the effectiveness of the
approach. A recent advance has been to pair sonication
{acoustic energy propagation at ultrasonic frequencies) with
supercritical CO, explosive extraction, resulting in more
rapid extraction of explosgives from munitions than has previ-
ously been demonstrated.

Other Destruction Technologies

Photocatalytic

Liu et al. (2006) reported the accelerated degradation of
RDX in wastewater by simulated solar spectrum radiation
in the presence of catalyzed by TiO,-impregnated activated
carbon fibers. The measured degradation rates followed
first-order kinetic behavior equaling or exceeding rates
associated with the Fenton reaction.® Although repeated
use of the catalyst suggested its gradual inactivation, tests
showed it could be regenerated in a dilute hydrochloric acid
solution. If reaction rates and throughput are both sufficiently
high, photocatalytic treatment could be considered a more
environmentally friendly treatment strategy than chemical
or thermal treatments.

Ultrasonic

Sonication and sonochemistry use acoustic energy prop-
agation through typically hiquids and solids at ultrasonic
frequencies for material and chemical processing. Studies
of RDX degradation have shown that RDX in aqueocus
solution with sodium hydroxide or with suspended alumi-
num powders shows more rapid degradation as a result of
sonication {Qadir et al., 2003). Sonication was also found to
enhance the anaerobic biodegradation of RDX in agueous
solution at frequencies and intensities not resulting in loss
of the microorganisms in the sclution (Ince et al, 2018). If
throughput were sufficiently high, such approaches could
be viewed as more environmentally friendly than open
burning of RDX.

& The Fenton reaction uses iron and hydrogen peroxide, combined in a
Fenton's reagent, to oxidize organic materials (Barbusinski, 2009).
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Bio-degradation

Aerobic and anaerobic degradation of explosives is a topic
of current interest and research, with several groups reporting
degradation efficiencies of explosive materials in agueous
solution using bioreactors.

Diher Emerging Technelogies

In addition to the technologies summarized above, the
committee investigated several others with respect to their
current research and development status. The committee was
unable to find recent significant advances that could contrib-
ute significantly in the near future to the Army’s conventional
munitions demilitarization efforts. These technologies are:

»  Size reduction
®  Pulsed or cavitating jets
o Ultrasonic
*  Washout, meltout, or ablation of explosives
o (ryogenic
*  Liqud nitrogen
¢ Liguid CO,
°  Ammonia solvation
o Solvent and acid extraction
¢ Ultrasonic
°  Solid CO, particles
o  Microwave heating
¢ Flectrical induction heating
= Destruction
o Molten metal pyrolysis
¢ Oxidation
o Alkaline hydrolysis
o Molten salt
¢ Mediated clectrochemical
°  Wet air oxidation
°  Direct chemical
¢ Adams sulfur

Finding 4-1. Contained burn chambers with associated
pollution abatement systems designed to treat propellants
and other energetics are available commercially and can be
designed to meet the needs of PD Pemil stockpile demilitar-
1zation as a substitute for open burning.

Finding 4-2. Contained detonation chambers that can
denulitarize some conventional munitions and munition
components exist; however, limited explosion containment
capahilities and the need to prepare or preprocess munitions
can limit the applicability of these chambers.

Finding 4-3. For some munitions, combinations of process-
ng steps will be required to prepare munitions for treatment
in a CB or CD chamber. Although this increases complexity

and handling risks, if not conducted remotely using auto-
mated equipment, these stops enable the munitions to be
demilitarized without using OB or OD.

Finding 4-4. Several of the emerging technologies are in
early stages of research and development and have not been
demonstrated under full-scale operating conditions. None
of those examined by the comumittee are expected to make
a significant contribution to demilitarizing munitions in the
near future.

REFERENCES

Barbusinski, K. 2009. Fenton reaction — Controversy concerning the chem-
wstry. Ecological Chemistry and Engineering. S 16(3}: 347-358. hutp://
tchie uniopole pl/ireeECE/S_16_3/Barbusiaski_16(3) pdf.

DDESB (Department of Defense Explosives Safety Board), 2008, Explo-
sives Safety/Frotective Design Review of Transportable Controlled
Detonation Chamber- Models T-25, 1-30, and T-60. Alexandria, VA.

Englemeter, L., 8. Pollak, and £ Weidner. 2018 Tnvestigation of superheated
liguid carbon dioxide jets for cutting applications. The Journal of Su-
percritical Fluids 132: 33-41.

Ince, E., G.O. Engin, M. Ince, and M. Bayramoglu. 2018, Preliminary in-
vestigation on the optimum olirascund frequency for the degradation of
TNT,.RDX, and HMX. Global Nest Journal 19(4y: 733-738.

Liu, 7., ¥. He, F. Li, and Y. Lin. 2006, Photocatalytic Treatment of RDX
wastewater with Nano-Sized Titantum Dioxide. Environmental Science
and Poliution Research 13(5): 328-332.

NRC (National Research Council). 2006, Review of International Tech-
nelogies for Destruction of Recovered Chemical Warfare Materiel.

Washington, D.C.: The National Acadenues Press.

NRIZ. 2009, Assessment of Explosive Destruction Technologies for Specific
Munitions at the Blue Grass and Pueblo Chemical Agent Destruction
Pilot Plants. Washington, D C.: The National Academies Press.

NRC. 2013, Assessment of Supercritical Water Oxidation Svstem Testing for
the Blue Grass Chemical Agent Destruction Pilot Plant. Washington,
D.C.: The National Academies Press.

NRC. 2015, Review Criteria for Successful Treatment of Hvdrolysate at the
Rlue Grass Chemical Agent Destruction Pilot Plant. Washington, D.C.
The National Academies Press.

Nzengung, VA, and B. Redmond. 2016, On-site peotralization of civd war
puumitions recovered from an underwater environment. Marine Technol-

ogy Society Journal 50(16): 15-21.

Poulin, 1., 2010, Literature review on demilitarization of munitions. Defeuce
R&D Canada Techunical Memorandum TM 2010-213. http//www. dtic.
mil/egi-bin/GetTRDoc?AD=ADASRT 546,

Qadir, LR, B.J. Osburs-Atkinson, K.E. Swider-Lyons, V.M. Cepak, and
D R. Rolison. 2003, Sonochermical induced decomposition of energetic
materials in aqueous media. Chemosphere S0(8): 1107-1114.

Sullivan, F. 2015. A Productivity Improvement Study of the APE-1236M2
Rotary Kiln Incinerator. Parsippany, N.J.: 2015 Global Demilitariza-
tion Symposium. https://ndiastorage blob.core usgoveloudapt.net/
ndia/2015/demilVSullivan. pdf.

Wilkerson, J. 2006. Review of Demilitarisation and Disposal Technigues for
Munitions and Related Materials. NATO Munitions Safety Information
Analysis Center, Brassels, Belgium.

Worsey, PN, and DAL Sumwers. 1984, High fmpact Velocity Testing of
PBX Explosive. A Progress Report on Contract NO0O164-83-C-0110.
Crane, Ind.: Naval Weapons Support Center.

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00083



Alternatives for the Demilitarization of Conventional Munitions

This chapter describes the criteria that the committee
uses m evaluating alternative technologies that may be used
i place of open burning (OB) and open defonation (OD).
These criteria establish a means for comparing OB/OD to
alternative technologies and allow for a systematic evalu-
ation (see Chapter 8). The ordering of the presentation of
the criteria in this chapter does not reflect any prioritization.
The committee made no judgment on which are more or less
mmportant. The four criteria mentioned in the statement of
task — throughput, personnel safety, environmental impacts,
and cost—are discussed before additional criteria that the
commniittee adopted.

Four evaluation criteria (throughput capacity, person-
nel safety, environmental impacts. and cost) were explicitly
specified in the legislative language that became the comi-
mittee’s statement of task (National Defense Authorization
Act for Fiscal Year 2017; SEC 1421, 2016). The commitice
applied five additional criteria: public health impacts, tech-
nology maturity, permitability or other approvals. monitor-
ability, and public confidence. The committee has identified
these as important criteria that also need to be considered
when selecting alternative approaches to OB/OD. In select-
myg the additional five criteria, the committee considered
criteria used in prios reviews of alternatives to OB/OD per-
formed by the Army, the National Research Council (NRC),
the Cease Fire! Campaign (see Appendix B), as well as the
experience and judgment of the members of this commiftee.

The actual selection of alternative technologies for
deployment would require a detadled engineering analysis
based on the design and construction of each munition,
which 1s outside the committee’s scope and ability to conduct
within the linuts of tus study. Further, the comnuttee has
chosen not to weight these criteria in terms of importance,
because the committee firmly believes that the application
of the criferia is mumition, technology, site, and comumanity
specific. Clearly some criteria, such as personnel safety, need
to be addressed rigorously, while others, such as maturity,
might be desirable but would probably carry less weight

than safety in selecting a specific technology. However, in
all cases there needs to be a high level of confidence that the
technology employed will demilitarize the munitions, that it
can be implemented, and that it will be protective of workers,
the nearby community, and the environment.

Munition demilitarization can be achieved via a combi-
nation of different technologies for each demilitarization
process. Criteria used in selecting a treatment train not only
need to focus on how effective a process is for a given muni-
tion but also need to take into account the ease with which a
single process in such a treatment train can be upgraded or
substituted so that the full reatment process can be easily
adapted to a different type of munition. Consideration also
needs to be given to the inclusion of a new promising tech-
nology, either as an integrated whole-munition process or
as a process or component within an existing treatment train
that might not have matured enough for immediate imple-
mentation when the treatment train was originally selected.

The committee’s nine evaluation criteria are discussed in
detail below. The commitice provides a general narrative on
how these criteria are applied to the alternative technologies
in Chapter 8.

THROUGHPUT CAPACITY

Throaghputis the rate of material that can be processed in
a given time and can affect treatment costs. When a technol-
ogy 1 and of itself provides treatment for the whole muni-
tion, determining throughput may be straightforward. Where
treatment of the whole munition is based on a treatment train,
including pretreatment. treatment, and post-treatment activi-
ties, determining throughpat is less precise. It is important
to identify any potential impacts on throughput that arise in
a specific treatment configuration. Some factors that affect
throughput can be mitigated relatively easily by adding more
low-cost units or components {e.g., band saws for increased
size reduction capability), but in other cases the cost of
additional weatment capability {e.g., more or larger detona-
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tion chambers) may significantly increase costs. Ideally, the
design of an overall reatment system would allow for the
flexibility to process different munitions or o be reconfig-
ured relatively easily for that purpose. Finally, it is important
to recognize that whole-munition treatment systems may
also have rate-himiting steps (i.¢., Ioading, cooling, etc.) that
affect their throughput.

PERSONNEL SAFETY

The avoidance and prevention of possible injury or death
to workers conducting demilitarization operations is para-
mount. There are risks to personnel when transporting or
otherwize moving an item fo the facility or location where it
will be processed. and there are risks in any preprocessing
step (i.¢., size reduction for alternative technologies or posi-
tioning munitions for OB/OD), in the treatment processing
step, and during post-processing operations. The risks in all
of these steps need to be identified, evaluated, and compared
when selecting technologies. The safety risks inherent to
alternative technologies and many individual steps within a
treatment frain can be mitigated with fully automated sys-
tems that minimize potential injury to workers.

In addition to injuries from catastrophic events, personnel
health and safety risks from cumulative and aggregate direct
and indirect exposures to potential toxicants associated with
munitions and their destruction, including noise, also need
to be considered.

ENVIRONMENTAL IMPACTS

A technology’s ability to monitor, prevent, minimize,
and control emissions of contaminants to all environmental
media (water, air, seil), both during the demilitarization
process and during process upsets, will determine its envi-
ronmental impact. Furthermore, because various treatment
technologies and polfution abatement systems result in the
accumulation of secondary waste streams, if 8 important (o
consider the ability to meet the management and disposal
requirernents of these streams. Ideally, the treatment method
is a complete solution with no long-term storage or disposal
requirements for hazardous process waste streams.,

Given the nature of the souwrce material being treated,
damage to equipment during treatment is possible. Hence,
technologies for the denulitarization of conventional muni-
tions need to have safety controls to prevent accidental
releases of emissions, due to equipment damage, that have
environmental or health concerns.

Other environmental impacts that need to be considered
mclude those on ecosystems, including wildlife, marine, and
aquatic receptors, as well as cultural, recreational, and com-
mercial activities depending on such ecosystems.

Finally, the effects of vibration, noise and shock, visual
plumes, and odor need to be considered, as they affect nearby
communities.

COST

The costs of demilitarization technologies include capital
costs, startup costs, operational and maintenance costs, and
closure costs. Alternative technologies will have higher capi-
tal costs, which include development. design. construction,
site preparation. and installation costs. Site preparation may
also include the installation of required utilities. In addition
to the capital costs, the implementation of any technology
needs to account for permitting and regulatory comphiance
costs, inchuding state, federal, and internal approvals, includ-
ing those required by the Department of Defense Explosives
Safety Board (DDESB).

Operation and maintenance costs comprise the costs of
staff and operators inchuding their procedural and safety
training, scheduled and emergency maintenance, environ-
mental and health monitoring, and the ultimate disposal of
secondary wastes generated during the denulitarization pro-
cess. (riven that some munitions may have to be transported
to sites where the appropriate demulitarization technoclogy is
available, transportation costs might need to be accounted
for. Recycling may generate income streams that can reduce
the overall operational cost of a demilitarization activity.

The cost evaluation of any demilitarization technology
also needs to inclade closure costs. Equipment and sites wall
have to be decontamunated after closure. Given the nmch
larger land area affected by OB/OD operations. and lack of
containment, their closure costs are expected to be highest.
Closure costs are usually not considered in the cost of demili-
tarization activities but need to be considered in an overall
costevaluation A life cycle cost (LCC) analysis is required if
a true cost comparison of alternative technologies to OB/OD
1s to be made. According to Department of Defense (DoD))
gmdance, 1.CC is defined “as the cost to the government
of a program over its full life, including costs for rescarch
and development; testing; production; facilities; operations;
maintenance; personnel; environmental compliance; and
disposal.”! However, due to the lack of complete information
on costs, the committee was not able to conduct an LCC.

PUBLIC HEALTH IMPACTS

The potential impacts of different technologies on public
health is an important consideration. Permitted OB/OD
and alternative technologies are required by the Resource
Conservation and Recovery Act (RCRA) to be protective of
human health and the environment.

The potential risks from exposure to all of the substances
likely to be emitted during demilitarization of particular
munitions (cumulative exposure) need to be considered, as
do all significant potential sowces of direct exposwre and
indirect exposure (aggregate exposure). Sources of direct
exposure include air, water, and soil that a person night come

1 For LCC definttion, see hitps://www dau mil/acquipedia/Pages/Article-
Dictails aspx?aid=c8a6d81£-3798-4cd3-ae18-diabafaacof.

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00085



Alternatives for the Demilitarization of Conventional Munitions

EVALUATION CRITERIA

into direct contact with, while sources of indirect exposure
nclude, for example, consumption of contaminated species
such as fish or hunted game. Because susceptibility to the
potential effects of exposure can vary with age and other fac-
tors, differences in susceptibility need to be evaluated during
any risk assessment of alternative technologies.

Potential impacts on public health arising from all activi-
ties of a demilitarization process other than emissions would
also need to be considered, such as the shifting of risk bur-
dens among communities caused by transportation of muni-
tions or munition components from one depot to another or
to commercial facilities for treatment.

TECHNOLOGY MATURITY

When selecting technologies for conventional muni-
tion demilitarization, it is fmportant to assess how far the
technology has progressed toward being able to be used in
mdustrial operation and hence the level of confidence that the
technology will operate successfully once implemented. The
closer a technology or systen is to being ready for industrial
use, the more mature it is. There are alternative technolo-
gies at several stages of maturity, ranging from novel ideas
that have not yet been tested at the bench scale to treatment
systems that have a proven track record and for which data
are available for the effectiveness, throughput, cost, safety,
maintenance requirements and downtime, eavironmental
mmpacts, and reliability of the full-scale process.

A good measure of technology maturity is the number of
munitions that have been treated successtully so far with a
specific technology. The Army method when estimating tech-
nology maturity during the acquisition process is o assign a
Technology Readiness Level (TRL) to the technology. TRLs
range from 1 to 9. with 9 being the most mature technology.
A TRL of 6 indicates a “systeny/subsystem mode} or proto-
type demonstration in a relevant environment,” the lowest
TRI. considered by the commuttee (Dol>, 2011). In assessing
whether a technology has reached a certain maturity level,
and when comparing the maturity of different technologies,
one also needs to consider whether that specific technology
is in operation under existing permits or other approvals. A
history of successful permiting or approval may provide
some confidence that the emplacement and operation of the
technology at a different site will be successful.

Data from a demilitarization technology with a proven
track record may also enable a more accurate cost estimate
as well as an estimate of the throughput rate when processing
a given type of munition.

PERMITABILITY AND OTHER APPROVALS

Permitability is the ability, or expected case, to peroit an
alternative technology under applicable federal, state, tribal,
and local laws and regulations. This criterion also includes
other approvals, as not all technologies will require permits.

69

There are also instances where alternative technologies
may be exempt from RCRA permitting based on the RCRA
regulations applicable to a given treatment process (e.g.,
recycling or certain RCRA exemptions). However, a declara-
tion of exemption from RCRA can also require an application
and approval, and the facility may need other permits (e.g.,
Clean Air Act [CAALD.

The most significant law for the demilitarization of con-
ventional munitions is RCRA (see Chapter 6). The RCRA
regulations applicable to an alternative technology depend
on the type of technology used to treat the conventional
munttion or munition component. RCRA regulations focus
on protecting human health and the environment based on
risks from exposures to contaminants in the air, surface and
groundwater, or soil. In addition, there may be other permits
required when permitting an alternative technology unit,
including the CAA, the Clean Water Act, water use laws, or
other cultural and patural resources laws.,

Several factors can impact permatabihity or other approv-
als. First, as a practical matter, an alternative treatment
technology is more likely to be permitted or otherwise
approved in a more efficient manner if that technology has
been permitted or approved at sinilar locations and for the
treatment of the same or similar wastes. Similarly, the more
mature the munifion access, reatment, and pollution control
technology, the more data are available and, again, the more
likely the process will be permitted or otherwise approved
in a more efficient manner.

Also, public opposition can impact permitability or
approvals by lengthening the permitting process or by ask-
ing regulators to impose operational conditions, health risk
studies, and other conditions on OB/OD or the alternative
technology permits.

MONITORABILITY

It s important that any treatment method can be moni-
tored accurately for both emissions and completeness of
treatment. In terms of monitoring emissions, reatment meth-
ods need to allow for the effective monitoring of pollutants
of concern in all waste streams to determine, for example, if
air pollution abatement systems are performing as designed,
or if liquid or solid secondary wastes need specific treatment
before their disposal. Furthermore, monitoring of surround-
ing soil, water, and air for pollutants that might be emitted
during demilitarization activities may be necessary based on
perniit or other requirements. Monitoring of soil and ground-
water can support rapid corrective action and significantly
redace closare costs. Monitoring for ambient air pothitants
{associated with the demilitarization technology) is key to
ascertain whether the demilitarization activity could affect
public health.

Although costly and a negative impact on throughput,
some technologies allow for holding a waste stream for
meontoring or testing before 1t 18 released. This can be done
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for solid, hiquid, and gas streams. However, hold, test, and
refease 13 usually applied to weatment of chemical weapons
due to the toxicity of the chemical warfare agents.

Last, any demilitarization technology would ideally allow
for a post-treatment mspection and testing of the munition or
treated residue to determine that explosives and or propel-
lants have been sufficiently treated, to alfow for disposal or
recycling.

PUBLIC CONFIDENCE

Experience has shown that building public confidence
and trust via public consultation and participation in the
technology selection process is instrumental (it will promote
legitimacy); substantive (it will lead to better decisions):
and normative (it 1s the right thing to do in our society; see
Fiorino, 1989, and NRC, 2008). A lack of public confidence
can impact schedules, cost, and ultimately, the implementa-
tion of technologies. Also, as noted earlier, public opposition
can cause delays in the permitting process and influence
the permit conditions imposed on alternative technology
mmplementations.

Public confidence in a technology and related program
managenent can he linked to core questions, such as “how
safe is safe enough,” and cannot solely be answered by sci-
ence nor technology; they are questions of human values
(NRC, 1996). These values, along with social trust, are key
factors shaping both management and public perceptions
of technologies, including (of relevance to this study) the
selection and prioritization of criteria that are used to evalu-
ate them. For example, if the public conceives that some
variables are weighted more heavily in the decision-making
process than those that are a priority for them (e.g., public

health or environmental impacts), public confidence could
be undermined.

To evaluate public confidence in making decisions on
alternative technologies, the committee considered the fol-
lowing factors:

¢ The characteristics of a technology and associated
risks (e.g., the potential for catastrophic releases,
familiarity of technology and risks, types of sec-
ondary wastes generated, distribution of risks and
benefits within and among communities);

¢ The management of the technology (e.g., information
18 publicly available about how the technology and
its pollution abatement system work, monitoring data
are immediately available and accessible); and

¢ The processes for making decisions {e.g., are they
viewed as being fair, transparent, based on accepted
and appropriate criteria).
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The primary regulatory programs governing the treatment
of conventional munitions — whether open burning (OB),
open detonation (OD), or alternative technologies—is the
Resource Conservation and Recovery Act (RCRA) permit-
ting program’ and the Clean Air Act (CAA) program.? Under
RCRA, hazardous waste treatment, storage, and disposal
facilities (TSDFs) used to demilitarize waste munitions
are required to obtain, after notice and public comument,
pernyits that establish specific operating conditions, as well
as the requirements for facility closure. The RCRA Military
Munitions Rule (MMR) is specifically applicable to unused
conventional munitions and how they are designated as
hazardous waste, stored, and transported under RCRA.
{For more information on the Military Munitions Rule, see
Appendix C))

While RCRA is a federal program, each of the seven
states that have jurisdiction over Army stockpile depots are
authorized by the Environmental Protection Agency (EPA)
to implement RCRA permitting and compliance. States may
impose more stringent requirements than those found in
federal regulations. Six of the seven Army OB/OD facilities
have been issued final permits.® The Blue Grass Army Depot
(BGAD) stll has an interim status ander RCRA for 1ts OB/
OD units * Interim status allows the facility to operate until
the state 1ssues its final ruling on the facility’s Part B RCRA
permit application

Alernative technology units at the seven Army stockpile
depots also are permitted under RCRA. Many are permitted
as miscellancous Subpart X units, although some thermal
treatment technologies meet the regulatory definition of ) and

Y43 U.5. Code §6901 et seq; Code of Federal Regulations (CTR) at 40
crr §8260 10 272.

2472 U S. Code $7401 et seq; 40 CER Parts 50-98.

340 CFR 264,

440 CFR 265,

340 CFR 270, Subpart G, and 40 CFR 265.

71

are permitted as, incinerators.® Some alternative technologies
may fall under certain RCRA TSDF permitting exemptions.
Table 6.1 shows the existing permitted alternative technol-
ogy units.

OB/OD and alternative technology units may be subject
to permitting under CAA, which governs air emissions from
certain types of facilities. The applicability of CAA regula-
tions will depend on the type of emissions associated with
the unit. To prevent duplication of regulatory jurisdiction,
RCRA permits may include air emission controls.” However,
certain facilities (including incinerators) that emit listed
hazardous air pollutants are required fo meet air pollution
control standards that apply maximum achievable control
technology (MACT). These facilities require separate CAA
Title V permits. Depending upon the emissions, alternative
technologies may also be required to meet alternative spe-
cific MACT requirements. Since there 18 no national indus-
try category for these alternative technologies, the MACT
requirements will need to be established through a resource
mtensive process on a case-by-case basis.

In addition, OB/OD units and alternative technology
units may be subject to permitting or restrictions under the
Clean Water Act. The Clean Water Act governs discharges
of wastewater into streams, rivers, lakes, and oceans, as well
as run-off. Permits or similar approvals may also be required
under state and local water-use laws, noise and odor regula-
tions, and cultural and natural resources laws.

®The permitting state determines whether a TSDF unit is governed by
Subpart X provisions because it does not meet the definition of other types
of specifically permutted vaits, tncluding mcinerators (Subpart O), surface
mapoundment (Subpart K), waste pile {Sobpart L), laad treatment unit
(Subpart M), landfill (Subpart N}, or a boter or industrial furnace.

740 CFR 264 and Part 265, Subparts AA, BB, and CC. 40 CFR 60, Parts
60,61, and 63.
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APPLICATION OF RCRA TO OB/OD AND ALTERNATIVE
TECHNOLOGIES

The EPA’s initial hazardous waste permit regulations,
issned in 1980, banned the OB and OD of hazardous wastes,?
except for waste explosives, which include “waste which
has the potential to detonate and bulk military propellants
which cannot be safely disposed of through other modes of
weatment.”” The EPA found that “waste explosives and bulk
propellants are mberently dangerous to cut or disassemble to
make them amenable to present thermal treatment technolo-
gies and that open burning and open detonation of known
types of and amounts of bulk propellants and explosives can
be conducted safely without harm to human health and the
environment.”!” The 1980 permitting regulation allows the
OB and OD of waste explosives, within specified distance
and weight limitations, during the interim status permitting
period.M In 1987, the EPA concluded that facilities conduct-
g OB/OD of waste explosives would recetve permits under
the RCRA Subpart X provisions as miscellancous units.'?

RCRA regulations establish specific conditions for certain
ment; chemical, physical, and biological treatment; land
treatment; landfills; and surface impoundments. In those
situations where a treatment process does not meet the defi-
nition under any of these specific technologies, EPA or an
authorized state permits the technology as a miscellanecus
upit, often referred to as Subpart X.'* Subpart X regulations
govern the location, design, construction, operation, main-
tenance, and closure of these treatment facilities !* Most
alternative technology facilities {except for incinerators)
are designated as miscellaneous units under Subpart X (see
Table 6.1).

Rather than establishing specific regulatory permit con-
ditions for testing, emissions control, and operations for a
wide vartety of miscellanecus treatment technologies, the
RCRA Subpart X regulations require that miscellaneous
units “must be located, designed, constructed, operated,
maintained, and closed in a manner that will ensure protec-
tion of human health and the environment, including, but not
limited to, as appropriate, design and operating requirements,
detection and monitoring requirements, and requirements

$ 40 CFR 260.10—0Open burning is defined as the combustion of any
material without the following characteristics: (1) control of combustion
air to maintain adequate temperature for efficient combustion; {2} contain-
ment of the combustion reaction i an enclosed device to provide sufficient
residence time and nuxing for complete combuston; and (3) control of
emission of the gaseous combustion products.

740 CFR 265.382.

145 Tederal Register 33063-33285, p. 33217, May 19, 1980.

145 Federal Register 33063-33285, p. 33217, May 19, 1980,

1232 Pederal Register 46946, 46.943-50, 46.957-58 (December 10,
1987).

1340 CFR 264, Subpart X, 264.600-603.

1440 CFR 264.601.

21
21

for responses to release of hazardous waste or hazardous
constituents from the unit.”'*

Two EPA regions have issued draft guidance for permit-
ting Subpart X units, but none of these regional guidances
were finalized (EPA, 2002; Tetra Tech, 2002). However,
state environmental agencies are not required to include
or enforce permit conditions suggested m EPA guidance in
general and regional guidance in particular.’® Since there is
no final, nanonwide EPA guidance or regulation concern-
ing what risk goals should be applied to ensure protection
of human health and the environment for Subpart X units,
states with jurisdiction over the seven stockpile depots may
apply different nisk goals based on state laws, regulations,
and policies. Therefore, each state’s permit writers must fol-
low state law and regulations and typically review and assess
scientific information, policies, and legal requirements each
time a Subpart X perimit is being developed for an alternative
technology, resulting in duplication of effort by the Army and
the state and possible conflicting outcomes for similar facili-
ties. The lack of specific detail in the regulations concerning
technical permitting requirements for Subpart X facilities
places the burden on state regulators to devise technology-
and site-specific requirements for OB/OD and for the wide
range of alternative technologies discussed in this report,
yet with fewer resources than are typically available for the
promulgation of a national regulation by the EPA.

Generally, the EPA uses risk ranges of between | in
10,000 and 1 in § mullion for incremental lifetime cancer
risk to determine whether a regulatory action is needed to
protect human health (GAO, 2000).178 Many of the states
that have granted RCRA OB/OD Subpart X muscelancous

1540 CFR 264.601.

15 For example, the Seventh Circuit uled that “Region V is not the
‘Administrator” [of EPA]. Its policy statement is a go-it-alone document
separate from the Adnunistrator’s advice to the states. Unless the Admunis-

trator later applies the policy statement to a plant, nothing will come of 8.7
American Paper lastitute, Inc., Petitioner, v. United States Environmental
Protection Agency, Respondent, 882 F.2d 287 (7th Cir. 1989}, htips://law.
justia.comVcases/federal/appellate-courts/F2/882/287/207683/. Further-
mwore, the court noted, “[nleither Region V nor the Administrator “pronwl-
gated” anything. Pronulgation means issuing a document with legal effect.
Region V’s policy statement has none: it does not appear in the Federal
Register and will not be codified in the Code of Federal Regulations.”
Brock v. Cathedral Bloffs Shale Oil Co., https:/openjurist.org/796/{2d/533/
brock-v-cathedral-bluffs-shale-oil-co.

TEPA (2002) states that if the cancer and non-cancer risks calculated
using stte-specific data and modeling are below certain screening levels

ne further evaluation is necessary. These screening levels are defined as
exposure that corresponds to a 1 in 100,000 (“107) lifetime cancer tisk for
exposure at the fenceline and, for non-cancer risks, a screening level risk
measured by a hazard index {i.e., the ratio of the calculated exposure to an
exposure level that is unlikely to present a significant nou-cancer risk). If
these screening levels are exceeded, “the site should be assessed through a
detailed risk evaluation.”

I8 EPA’s 2002 Region 11 “Draft Final Open Burning/Cpen Detonation
Permitting Guidelines” (EPA Region I Draft OB/OD Guidance), written
specifically for Subpart X applicants in the state of Virginia, uses somewhat
different risk screening values based on Virginia regulations.
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TABLE 6.1 RCRA-Permitted Alternative Technologies at Army Stockpile Facilities

Technology Army Facility

Permitting State Permit

Dreactivation furnace (APE 1236) TEAD, MCAAP, CAAA
Ammonium perchlorate rocket motor  LEMC

destruction facility (ARMD)

Disassembly bine {primers from small- TEAD

caliber nwumitions)

Static Detonation Chamber ANMC
Thermal treatment closed disposal ANMC
process (TTCDE)

Plasma Ordnance Demilitarization HWAD
System (PODS) inciserator?

Bulk Energetics Demulitarization HWAD
Systerm (BEDS) incinerator?

Hazardous waste incinerator (rotary HWAD
kiln incinerator and combustion

chamber; RE-9)

Confined Detonation Chamber BGAD
Moldten salt destraction unit® BGAD
Flashing furaace system BGAD
Wash-out building BGAD

Tndustrial supercritical water oxidation  BGAD
GSCWO) system @

Utah, Okdahoma, Subpart O, Incinerator

Indiana

Pennsylvania Subpart X, Miscellaneous unit
Utah Subpart X, Miscellancous unit
Alabama Subpart X, Miscellaneous unit
Alabama Subpart X, Miscellaneous unit
Nevada Subpart O, Incinerator
MNevada Subpart O, Incinerator
Nevada Suabpart O, Incinerator
Kentucky Other Process (X99)
Kentucky Other Process (X99)
Kentucky Other Process (X99)
Kentucky Other Process (X99)
Kentucky Other Process (X99)

¢ MNot corrently constructed or not in ase.

NOTE: ANMC, Anuiston Munitions Center; BGAD; Blue Grass Army Depot; CAAA, Crane Army Anununitions Activity, HWAD, Hawthorne Army

Depot; LEMC, Letterkenny Munitions Center; MCAAP, McAlester Army Apununition Plant; T

unit permits for the Army stockpile depots have relied on the
best available OB/OD emission factor database, a compila-
tion of numercus OB/OD emission tests within an enclosed
chamber (i.e., the BangBox emission tests), which the FPA
has validated for setting OB/OD permit restrictions (Mitchell
and Suggs, 1998). Or, for example, for the Anniston Army
Diepot {ANAD) pernut, the state required that the cunnla-
tive incremental cancer risk posed by the Anniston Chemical
Agent Disposal Facility and ANAD's OB, OD, and Static
Detonation Chanber (SDC) units must be below 1 in 107
to protect human health.'®

¥ ANAD Hazardous Waste Facility Permit, AL3 210 020 027, issued
November 14, 2007, Modale V.G. Air Mounitoring (Mod 22). Stmilarly, risk
estimates at the Utah Test and Training Range of 5 in 1 million, were “within
the general risk acceptance himits,” and risks of 1 in 10,000 were consid-
ered acceptable. Submission to State of Utah, Attachment 10b: Therma
Treatment Unit Human Health Risk Assessment {2013), httpsi//deq.utah.
gov/businesses/U/atahtestrange/docs/2013/08 Aug/ Attachment _10B_Hu-
man_Health Risk pdf. Also see BAE Systems, Ordnance Systems, Inc.,
and Coterie Environmental, Multipathway Risk Assessment Protocol for
the Radford Army Ammoesition Plant Open Burping Grounds (October
2015), Open Burn/Open Denotation {OB/ODY) operations at the Utah Test
anpd Training Range (UTTR}-North at 10B-17 (October 2015), http://
www . deq.virginia.gov/Portals/O/DEQ/ Land/Radford/OBG_Risk_Assess-
ment_Protocol pdf.

“AD, Tooele Army Depot.

Some sfate permits impose environmental and operational
limits for Army Subpart X units based on dispersion mod-
eling. For example, the 2008 Tooele Army Depot (TEAD)
permit® cited modeling results from the Multimedia Envi-
ropmental Pollutant Assessment System,”! which indicate
that, based on several conservative and upper end exposure
assumptions, the concentrations of constituents of concern
released through groundwater leaching, overland runoff, sur-
face water recharge, and atmospheric deposition from open
detonation are expected to be lower than the health-based
concentration Linmits.

RCRA pernut applications for alternative technology
units under Subpart X will also require information on the
potential pathways of exposure of humans and the environ-
ment to hazardous wastes or hazardous constituents and
on the potential magnitude and nature of such exposures

2 Hazardous Waste Permiit, Tooele Army Depot, UT3213820894, Attach-
ment | —General Facility Description, May 2008.

2UThe Multimedia Environmental Pollutant Assessment System is a Pa-
cific Northwest National Laboratory suite of environmental models to assess
environmental contamination problems | integrating transport and exposure
pathways for chemical and radicactive releases to determine their potential
impact on the surrounding environment, individuals and populations. See
htip

//mepas ponl.gov/mepas/.
0 CFR 264.601.
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These assessments can be based on site-specific modeling,
scientific nvestigation, and actal data from similar operat-
g units with similar waste streams in hieu of performance
testing. If the unit is considered a combustion unit {e.g., an
mcinerator), it must comply with the EPA Human Health
Risk Assessment Protocol®® o develop and submit a human
health and environmental risk assessments.

Permit Limitations

The RCRA permits for the seven Army stockpile sites
contain specific limitations on demuilitarization operations
that may affect destruction flexibility and throughput. Per-
mits for OB/OD units typically include limitations such as
the type of munitions that can be treated, the total net explo-
sive weight (NEW) treated, the hazard class,** atmospheric
conditions, time of day, and specific equipment or procedures
to employ. Examples of types of munitions that often cannot
be treated under existing OB/OD permits inchade chemical
warfare agents, smokes, incendiaries, and radicactive mate-
rials (e.g., depleted uranum). In addition, a few permits
specify that only certain munitions may be treated in the
unit—for example, only rocket and missile motors can be
treated in the Letterkenny Munitions Center Open Burn Unit
2. Almost all OB/OD permits timit the amount of NEW that
can be treated at any one time. For example, the permit may
limit operations to a maxinum NEW per burn pan per day,
a maxumam NEW per burn event, a maximum NEW per
detonation with a specific number of detonations per day, or
a total NEW burned per day or per year.

Permits may designate that OB/OD operations can take
place only during certain atmospheric condifions. For
example, some permits limit when OB/OD operations may
occur to daylight hours, when meteorological data show
moderate wind speeds are between 3 and 20 mules per hour,
when storms or precipitation events are not expected, when
cloud cover 18 less than 80 percent and cetlings greater than
2,000 £i.,2 or when wind direction will not carry emissions
over any publicly accessible area within 1 nule of the unit
boundary >

OB/OD permits may require that certain equipment be
employed, including metal burn pans with covers, stands,
or cages. Also, specific Army standard operating procedures
(SOPs) designating how each OB or OD event is to be con-
ducted may be incorporated into the permit, thus becoming
enforceable requirements. Permits for OB/OD units often
nclude certain environmental requiremients, such as soil
monitoring or runoff controls.

23 EPA | Final Human Health Risk Assessment Protocol for Hazardous
Waste Combustion Facilities, EPAS30-R-05-006, Septernber 2005,

449 CFR 172.50.

S TEAD Hazardous Waste Facility Permit, UT321382089%4, attachment
issued February 2, 2017.

26 ANAD Hazardous Waste Facility Permit, AL3 210 020 027, issued
November 14, 2007.

Permits for alternative technologies may have limitations
on operations similar to those on OB/OD that can mmpact
flexability and throughput. For instance, the Ammonium Per-
chlorate Rocket Motor Destruction facility at the Letterkenny
Munitions Center is limited to a maximum daily amount of
propeliant of 32,100 1b NEW, based on the largest motors to
be treated. The maximum number of motor firings per day
1s dependent upon the size of the rocket or missile motors
to be fired that day; however, the permit states that the num-
ber of firings per day shall not exceed 6027 The permit for
the deactivation furnace (the APE 1236) at TEAD imposes
operating requirements and feed rate limits —for example,
the total propellant, explosive, and pyrotechnics feed rate
must be less than 229 Ib per hour ™

In addition. the permits for alternative technologies will
also typically himit the types of munitions that can be treated
to only specific munifions or to only munitions that have
been approved by the state based on hazardous waste char-
acterization protocols. Some of these linutations are based
on technology limitations, but some may be the result of
(1) how the original RCRA application was worded or (2)
availability of RCRA waste characterizations for a variety of
munitions. The permits for incineration units usually impose
monttoring requirements for emissions from the pollution
abatement system equipment, munition feed rates, and other
waste analysis data. None of the current permits for alterna-
tive technologies for the demilitarization of conventional
munitions requires holding and testing of emissions before
release. Unlike an OB/OD permit, the permits for alternative
technology units generally do not have limitations based on
atmospheric conditions. In addition. they do not typically
require extensive moniforing of surrounding environmental
media since the units typically are enclosed.

Public involvement

Public involverment can have a significant impact on the
permitting of any demilitarization technology by extending
comment and hearing periods under RCRA and through the
potential for legal challenges to permits. RCRA penmitting
regulations require public participation activities during the
permitting process and during the life of the permit. Under
the expanded public participation rules, the permit applicant
must host an informal, public preapplication meeting before
submitting the Part B RCRA permit application. As recom-
mended by the EPA, public comments and suggestions arc
casier for the facility to address earlier rather than later in
the process, so public input can have greater impact at this
preapplication stage ”®

27 Letterkenny Army Depot Hazardous Waste Permit modification,
PAG213820503, dated Drecember 8, 2014,

STEAD Hazardous Waste Factlity Permit, UT3213820894, Module IV,
Incineration, issued February 2, 2017,

P EPA, Resource Couservation and Recovery Act Public Participation
Manual, January 11, 2017, 530-R-16-013.
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In addition, the regulator must create a representative
facility mailing list of those to receive notifications during
the permitting process.’® The permitting agency alsc may
require the facility owner/operator to establish an informa-
tion repository. The permitting agency also can share infor-
mation with the public and hold workshops or other public
meetings to provide fact sheets and other information to the
community. During the complex permit decision process,
open hines of communication to keep the public involved
and mformed may take additional effort.

Last, the permitting agency must notify the public of
its decision, either the intent to deny the application or
by issuing a draft permit, including a fact sheet and state-
ment of basis. Once the decision is issued, there is at least
a 45-day public comment period, and, if requested by the
public or applicant or at the state regulatory agency’s dis-
cretion, a public hearing will be held with 30-day advance
notice. The EPA recommends permitting agencies prepare
a public participation plan for controversial facilities,
possibly including hothines, news releases, websites, and
social media posts.?! The permitting agency must prepare
a response to comments document to address all significant
comments raised during the public comment period. Any
modifications to a permit have similar public notice and
participation requirements, depending on the class of the
modification.”?

Comments and written documents submitted to the com-
mittee by public interest groups and members of the public
highlight a set of concerns about OB/OD and alternative
demilitarization options that could he raised during the per-
mitting, renewal, or modification process™ (see Chapter 9,
Appendix B, and Appendix D)

TREATMENT UNITS EXEMPT FROM BCRA
PERMITTING REQUIREMENTS

As discussed by several presenters, including the EPA 3
some alternative technology units may not need an RCRA
TSDF pernut. For example, an alternative pyrolysis technol-
ogy (Decineration; see Chapter 4) operates parsuant (0 an
Indiana Department of Environmental Management letter
of determination that no RCRA TSDE permit 18 required
because the process would be considered materials recovery

340 CFR 124.10.

SUEPA, Resource Conservation and Recovery Act Public Participation
Maunual, Japuary 11, 2017, 530-R-16-013,

3240 CFR 270 42.

33 The committee Teceived comments from the CeaseFire! Campaign,
which is a national-level public interest group comprising a coalition of
more than 60 local groups, and from several members of the public.

34 E-mail from Sasha Gerhard to the Commiitee. Subject: EPA follow-up
iterns for NASEM CMD conmmittee, sent November 22,2017,

ander the MMR.*® as long as Indiana’s standard for scrap
metal contaminated with hazardous waste residue is met.*®
Another example of exempt treatment technologies is the
nonthermal treatment {e.g., neutralization) of wastes while
the wastes are being accumulated in the waste generator’s
tanks or containers.”’

Obtaining a determination that an alternative technology
meets the definition of an existing exempt process would
reduce the time to construct or install alternative technology
units at Army munition demilitarization facilities. However,
obtaining a ruling or letter determination from a state envi-
ronmental agency for a new process still could take time
and substantial data submissions to ensure that the process
or technology meets the definition of an exempt unit and
any other environmental standards applicable under RCRA
or other environmental programs (e.g., CAA). Exempt
treatment processes, depending on the technologies used,
will generally require other state permutting or regulatory
oversight with site-specific operational restrictions {(e.g.,
wastewater or storm water discharge permits, or water use
permits).

TREATMENT, STORAGE, AND DISPOSAL FACILITY
{TSDF) CLOSURE

Al RCRA permitted units are required to plan for and
complete closure at the end of their life cycle—that s, the
last step in the use of the property is determining the extent
of contamination and remediating any confamination to
environmental standards. All TSDFs, including Subpart X
upits such as OB/OD units and alternative technologies,
are required to submit a closure plan as part of their permit
application.

The premise of clean closure 1g that all hazardous wastes
have been removed and any releases at or from the unit have
been remediated so that further regulatory coatrol under
RCRA is not determined to be necessary to profect human
health and the environment. Clean closure may leave in
place some contaminated environmental media if they are
below concentrations levels that may pose a risk to human

35Under the MMR , unused munitions that are repaired, reused, recycled,
reclaimed, disassembled, reconfigured, or otherwise subjected to materials
recovery activities are not solid waste and would not require a RCRA TSDF
permit. 40 CFR 266.202(a)(2).

# Indiana Department of Environmental Management, Letter Re: U.S.
Demil, LLC, Military Munitious Project, Crane Surface Warfare Center,
IN5170023498, Fune 14, 2016.

#7151 Federal Register 10146, 10168, March 24, 1986. EPA ruled that
hazardous waste generators could treat hazardous wastes on-site in accumu-
lation tanks or containers without an RCRA permit if the treatment were in
conformance with the requirements of 40 CFR Part 262.34 (accumulation
time) and with Subparts 1 and J of 40 CFR 2653 (standards for containers and
tank system, including that the tanks or containers in which the treatment
occurs remain closed except when adding or removing waste, the process
nuest not violate the dilotion prohibition standards of 40 CFR 268.3 and
nuest meet any applicable land disposal restrictions (40 CEFR 268.7(a3(4)).
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health and the environment.*® For Subpart X miscellaneous
units, clean closure requires that environmental performance
standards found in the regulations be met,*® including pre-
vention of any releases that may have adverse effects on
human health or the environment due to migration of waste
constituents into the groundwater or subsurface environ-
ment. This is determined cither through risk assessment
or by using available constituent-specific limits or factors
that have undergone regulatory review (e.g., maximum
contaminant levels for water or a verified reference dose).
Closure provides that interim measures be implemented to
ensure that protection of human health and environment is
maintained during the implementation of the clean closure *
Typically, clean closure costs should be included n the LCC
cost analysis of the treatment unit (see Chapter 9).

CHANGING REGULATORY ENVIRONMENT

The Government Accountability Office found that regu-
lator’s environmental concerns with OB/OD may force the
Department of Defense (DoD) to use alternative methods of
disposal in the future (GAQ, 2000). The EPA staff presenta-
tion to the committee included a recently inmtiated project
to identify alternatives to OB/OD.*! This project apparently
will assess technologies and streambining procedures and
permitting, which will document the existence of alternative
technologies and provide information on feasibility, cost,
and cost-effectiveness of these alternatives ** The EPA pro-
vided a draft Alternate Technology Matrix and Compilation
Report to the committee, which the committee considered in
its independent evaluation of alternative technologies.™ At
least one state representative (from the Alabama Departiment
of Environmental Management) also expressed to the com-
mittee an unwritten preference to consider more alternative
technologies to replace OB/OD. However, two authorized
state environmental agencies with jurisdiction over Army

38 The EPA has stated that in order to demonstrate clean closure, the
owner and operator must show that levels of hazardous contaminants do pot
levels. EPAhas

anis clean’ s a

exceed EPA-recommended exposure levels, or clean closur
not specified contaminant levels for clean closure. “How ¢
site-specific decision made by the EPA region or authorized state. Limited
amounts of hazardous constifuents may remain in media after clean closure,
provided they are present at concentrations below which they may pose a
risk to homan health and the environment. The implementing agency can
identify clean closure based on established, protective, risk-based levels
(e.g., maximem contaminant levels oader the Safe Drinking Water Act), or
gite-s > risk-based levels (EPA, 2005).

3940 CFR 264, Subpart G
# 40 CFR 264, Subpart G.
41K . Shuster, presentation to committee, “ Alternatives for the Demilitar-

wation of Conventional Munitions,” dated August 22, 2017 and follow-up
data request responses via e-mat} dated November 22, 2017.

42 Ihid.

* EPA Draft Alternative Technologies to the Open Burn and Open
Detonation of Energetic Hazardous Wastes, dated October 19, 2017; Draft
Alternative Techuologies to the Open Burn and Open Detonation of Ener-
ed October 19,2017 EPA
cived Novemtber 17, 2017,

getic Hazardous Wastes Workbook/Matrix, receivi

)

Draft Alternative Tech Not Going Forward, re

stockpile OB/OD facilities stated to the commuittee that there
is no current state regulation or official policy that promotes
the use of alternative technologies in lieu of OB/QD

At least one state, Utah Department of Environmental
(uality, has required the Army to maintain a certification that
treatment of waste munitions by OB/OD is the only pract-
cable method or combination of methods currently available
to minimize the present and futare threat to human health or
the environment and that TEAD has a program in place to
mvestigate available alternative technologies, other than OB
and OD, to reduce the volume and toxicity of released treat-
ment residues and discharges to the environment.® In filings
with the state of Utah, the Army indicated that the reasons
for continued use of OB/OD are cost: the lack of organic,
omnivorous op-site facilities; and the need to disassemble
munitions to meet the technical requirements for alternative
technologies, resulting in increased personnel handling *°

Another state. New Mexico, has denied the Department of
Energy (DOE) an RCRA TSDF permit for a non-Army OB/
OD weatment unit at the Los Alamos National Laboratory
because (according to the state’s final decision) continued
OB of high-cxplosive hazardous waste would result in an
ecological risk, 1 400 individuals had expressed opposition
to continued OB in comments submitted during the public
comment period, the New Mexico Environmental Depart-
ment did not believe that the applicants adeguately assessed
alternatives to OB that would be more protective of human
health and the environment. and there were preferable and
viable alternatives to OB of high-explosive waste at the
laboratory (NMED, 2010).

technologies appear to be evolving, there are no federal writ-
ten policies or RCRA regulations stating such a preference.
1t 18 also important to note that all existing Army stockpile
depot OB/OD TSDFs are permitted by, or hold RCRA
interim status from. an authorized state and were found by
the regulatory authority to be protective of the human health
and the environment. This evolving regulatory environment
may bave a significant impact on whether the stockpile sites
continue to utilize OB/OD or on the case with which an
alternative technology can be permitted under RCRA.

Finding 6-1. There is no formal FPA guidance for permit
applicants or authorized state agencies to determine the

%1, Houseal, Pennsylvania Department of Environmental Protection,
“Pennsylvania Regulatory Perspectives,” presentation to the committee,
December 11, 2017, S. Cobb, chief, Land Division, Alabama Department
of Environmental Management, “Alabama Regulatory Perspectives,” pre-
sentation to the computtee, December 11, 2017,

BTEAD Hazardous Waste Facility Permit, UT3213820894, Condition
IIM 2, tssued September 30, 2005, Also, see letter certifications filed with
the Utah Department of Environmental Quality dated January 14, 2014,
January 7, 2016, and January 10, 2017, respectively.

#TEAD RCRA Part B Permit Application, Attachment 21, OB/OD
Treatment Effectiveness, Alternative Technologies and Waste Mininuiza-
tion, July 16, 2015,
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requirements for applications or permit conditions {e.g.,
risk goals, reatment efficiencies, or waste and operational
limitations) for alternative technology units that would be
permitted as Subpart X unifs.

Finding 6-2. Provisions contained in permits for existing
alternative technologios at Army demilitarization depots may
limit the types of waste munitions that can be treated or the
throughput of the units. Some of these limitations are based
on the technology or regulatory linatations, but some may
be the result of (1) how the original RCRA application was
worded or (2} availability of RCRA waste characterizations
for a varety of munitions.

Finding 6-3. Public interest group representatives express
the need to consider community preferences and site-specific
conditions when selecting an alternative technology to
implement, install, and permit at any of the seven demili-
tarization depots.

Recommendation 6-1. The Army should investigate
whether permits for existing aliernative technology units at
Army munition demilitarization depots can be amended to
be more flexible regarding the types, frequency, and amounts
of munitions that can be treated.

Recommendation 6-2. The Army should identify issues that
could affect the Resource Conservation and Recovery Act
permitting process for alternative technologies, including
public concerns, and work with regulators in the states with
jurisdiction over the seven demilitarization depots to estab-
lish requirements for Subpart X applications (e.g., develop-
ing scientific and technical analysis documents, emission

modeling and estimates, and efficiency documentation for
similar units) 3o as to address issues and questions before
they become a problem that could significantly delay pernit-
ting alternative technologies.
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For the purpose of evaluating alternative techaologies to
open burning (OB) and open detonation (OD), the commitiee
found it useful to review and analyze possible alternatives
for demilitarizing BSA (stockpile) account munitions in the
following four categorics

1. Munitions that are already being demilitarized
with alternatives to OB/OD: These munitions are
not directly addressed in this report as they are not
included in the committee’s statement of task. This
category comprises all of the BSA munitions that are
not included in any of the following three categories.

2. Munitions that are suitable for OB/OD: These muni-
tions are discussed in the first section, below.

3. Stable munitions that are being demilitarized using
OB/OD but are suitable for demilitarization using
alternative technologies: These munitions receive a
more detailed analysis in the second section, below,
and in Tables 7.1 through 7.7.

4. Munitions that are not being demilitarized using
either OB/OD or alternative technologies: This cat-
egory of munitions constitutes “capability gaps” and
are discussed m the third section, below. For the pur-
poses of this report, the committee defines “capability
gap” as “the mability to perform a demilitarization
task on the ‘top 400" munitions in the B5A account
due to a lack of adequate equipment or processes.”

MUNITIONS SUITABLE FOR OB/0D

Some munitions in the BSA account have been deter-
mined by the Office of the Product Director for Denuli-
tarization (PD Demil) to be unstable and possibly shock
sensitive owing to depletion of stabilizers i the explosives
or propellants caused by excessive age. This makes them
unsuitable for demilitarization using alternative technologies
because transportation and handling must be mimimized to

78

reduce exposure of personnel to the explosive bazards posed
by these munifions that may detonate or deflagrate when
distarbed.! For these unstable munitions, the commitiee
defers to the determination of PD Denul that movement and
disturbance must be kept to the minimum amount necessary
to achieve demilitarization and that OB/OD may be the most
suitable demilitarization methods.

Only two munitions that are currently in the BSA account
have been identified to the committee by PD Demil as not
suitable for alternative contained demilitarization due to
mstability. According to PD Demil, the 105 mm rocket-
assisted projectile (Department of Defense Identification
Code [DODIC] €463 with a quantity of 240 tons) and 8 in.
rocket-assisted projectile (DODIC D624 with a quantity of
744 tons) are potentially shock sensitive due to depletion of
stabilizers in the rocket propeliant. The committee accepts
this determination and agrees that OD is the appropriate
method for demilitarization of these munitions. The com-
mittee recognizes that other munitions may be added to this
list in the future.

Finding 7-1. Alternatives to OB and OD are not being used
for some munitions because the munitions have become
unstable and are too hazardous for the handling and trans-
portation required for demilitarization using alternative tech-
nologies. A determination by the PD Demil that a munition
is unstable and potentially shock sensitive is a vahid reason
for performing demilitarization via OB/OD to minimize
transportation and handling and. therefore, the exposure of
technicians to the explosive hazard. The capability for OB/
OD will always be needed.

! 1.C. King, director for Munitions and Chemical Matiers, HQDA,
ODASA(ESOH), “DoD Open Burn and Open Detopation (OB/ODY.” pre-
sentation to the committee, August 22,2017,
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MUNITIONS SUITABLE FOR
ALTERNATIVE TREATMENT

PD Dennl provided to the committee a list of the stable
munitions in the stockpile that are being demilitarized by
OB/OD, and the committee evaluated whether it is possible
to demlitarize these munitions using the alternative tech-
nologies discussed in Chapter 4. This evaluation is presented
in Tables 7.1 through 7.7, below. The committee offers these
ag examples of alternatives that may be applied. Note that
munitions identified by PD Demil as “unstable” and possibly
shock sensitive are not included 1n these tables.

Alternatives to OB/OD may require using multuple tech-
nologies 1n series {e.g., a treatment train), whereas OB/OD
is more likely to provide for one-step denlitarization (e.g..
by detonating large projectiles and bombs without disas-
sembly or size reduction). Because of this, the examples of
potential alternative technologies and processes in Tables
7.1 through 7.7 frequently involve several technologies in
a treatment train.

An example of a teatment train is demilitarization of
large, high explosive (HE)-filled bombs and projectiles.
These munitions are too large to be contained by any of the
existing contained detonation (CD) or contained burn (CR)
treatment processes and, therefore, reqare “downsizing”
through some type of munition size reduction procedure to
prepare them for an alternative final demulitarization process.

Although there are some drawbacks to multstep demili-
tarization processes {e.g., potentially increased process com-
plexity and increased munitions handling). such muldstep
processes should not be perceived as a barrier in that the
technologies already exist and, in most cases, are currently
being used at Army demilitarization depots and contractor
facilities. For example, size reduction of large bombs and
projectifes is currently being performed by PD Demil and
contractors using band saws. waterjet cutters, and cryofrac-
tare before final demilitarization of the downsized compo-
nents and HE in existing PD Demil and contractor facili-
ties. * The committee also notes that “ireatinent trains” are
commonly ased in conjunction with OB/OD. For example,
demilitarization of a fixed projectile may be accomplished
through the multiple steps of separating (pulling) the pro-
jectile from the cartridge, emptying the propeliant from the
cartridge, and demilitarizing the propellant using OB and the
projectife using OD. Therefore, “treatment trains” should be

2 J. McFassel, praduct director for denulitarization, PEO AMMO, and
O. Hrycak, chief engineer, Office of PD Demilitarization, PEO AMMO,
“Emerging Technologies Addressing Alternatives to Open Bum and Open
Detonation,” presentation to the comunttee, August 22, 2017. H. Heaton,
Drynasafe, “The Static Detonation Chamber and Conventional Demilitariza-
tion,” presentation o the commitiee, October 23,2017, PL. Miller, Gradient
Technelogy, “Abrasive Waterjet Cotting of Large Munitions,” presentation
to the conuniitee, October 24, 2017, R. Hayes, president, Bl Dorado Engi-
neering, “El Dorado Engineering’s Technologies for the Demilitarization of
Conventional Munitions,” presentation to the committes, October 24, 2017,

understood to be commonly used today and are not a barrier
to implementing alternative technologies.

Another example of reatment trains being used to demili-
tarize similar munitions using both OB/OD and alternative
technologies 1s the demilitarization of DODICs D563 and
D864 3 These two DODICs are variations of 155 mm projec-
tiles loaded with scatterable submunitions (see Figure 7.1).

3563 is being demilitarized by PD Demil, using organic
capabilities, by removing the submunitions from the projec-
tile casing through disassermbly and then disposing of them
using OD. PD Demil then reuses the projectile casings by
reloading them with new submunitions. Treatment of the
similar DODIC D864 is being performed by a contractor.
The contractor removes the submunitions from the projectile
casings (as is done by PD Demil) and then disassembles
the submunitions to prepare them for denulitarization by
CB. In this example, final demilitarization of the similar
submunitions from simitar DODICs is being handled differ-
ently. PD Demil denulitarizes the submunitions using OD,
while the contractor disposes of similar submunitions by
disassembly followed by CB. It is possible to demilitanize
both of these DODICs (two of the largest DODICs in the
stockpile inventory) using existing alternative technologies
that are fully developed and currently being implemented
by the contractor.*

Another example of using existing alternative technolo-
gies i lieu of OB/OD is cutting shaped charges of high-
explosive anti-tank (HEAT) munitions to defeat the shaped-
charge effect followed by demulitarization of the prepared
munition sections in existing CB systems. The reason given
by PD Demil® for using OD for demilitarization of some
HEAT munitions is that the munitions may cause damage to
the incinerator from the shaped-charge effect in the event that
the shaped charge functions inside the mcinerator. However,
presentations provided to the committee show that PD Demil
contractors bave solved this problem by using existing alter-
native technologies to cut the shaped charges to eliminate
the shaped-charge effect, thereby allowing the “downsized”
shaped charges to be demilitarized in existing CB facilities.®

3. McFassel, product director for denulitarization, PEO AMMO, “Clan-
fications on Demilitarization Policies and Procedures for National Academy
of Sciences,” presentation to the commitiee on Cotober 23,2017,

47 McFassel, proadoct director for demulitarization, PEO AMMO, “Clari-
fications on Demilitarization Policies and Procedures for National Academy
presentation to the committee, October 23, 2017, PL. Miller,
Gradient Technology, “Abrasive Waterjet Cutting of Large Munitions,”
presentation to the commttee, October 24, 2017,

3 J. McFassel, product director for demilitarization, PEQ AMMO, “De-
militarization by Open Burniag and Open Detonation for National Academy
of Sciences.” presentation to the committee on December 11, 2017,

of Sciences

S H. Heaton, Dynasafe, “The Static Detonation Chamber and Conven-
tional Demilitarization,” preseatation o the commitiee, Octlober 23, 2017,
R. Hayes, president, El Dorado Eugineering, “El Dorado Eagineering’s
Technologies for the Demilitarization of Conventional Muuaitions,” presen-

tation to the commnutiee, October 24, 2017.
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Of payload

Ogive with self
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FIGURE 7.1 Cutaway of DODIC D563 projectile containing submunitions (grenades). SOURCE: J. McFassel, product director for demili-
tarization, PEO AMMO, “Demilitarization by Open Burning and Open Detonation for National Academy of Sciences,” presentation to the

committee, December 11, 2017.

Finding 7-2. The configuration of some mmanitions will
require handling and processing steps prior to munitions
demilitarization using alternative technologies. This adds
complexity to the process, may increase the cost of demalitar-
ization, and may increase risks to workers. These factors will
have to be considered when evaluating the use of alternative
technologies.

It 15 beyond the committee’s capabilities to fully inves-
tigate whether or not existing alternative technologies are
appropriate for every DODIC currently being disposed of
by OB/OD, because that would require an in-depth techni-
cal and engincering analysis of the construction, fuzing, and
functioming of each specific munition. However, based on
the information presented to the committee by PD Demil
and its contractors, it appears that, with few exceptions, it
is technically possible to apply existing alternative tech-
nologies to demilitarize the majority of the DODICs in the
stockpile inventory (with the previously described exception
of those DODICs that have been determined by PD Demil to
be potentially shock sensitive).

The comumittee believes that it may be possible to reduce
demilitarization costs and the use of OB/OD by shipping
stockpile munitions to other demilitarization facilities and
notes that PD Demil is already shipping munitions for

demilitarization. Examples of this are the rocket and missile
motors being shipped to the Letterkenny Munitions Center
(LEMC) Ammonium Perchlorate Rocket Motor Destruction
{ARMD) facility” and the two new large contracts awarded
to demilitarization contractors (Keller, 2015).

Finding 7-3. The organic capabilities of the PD Demil and
the contractor commumty have the technical capability —or
could develop the capability —to demilitarize nearly all of
the munitions in the stockpile using alternative technologies.
There will, however, always be sone munitions that need to
be treated by OB or OD for safety reasons.

Recommendation 7-1. In keeping with stated strategic goal
to increase the use of contained disposal, resource recovery,
and recycling consistent with continuing to ensure minimal
exposure of personnel to explosive safety risks, the Office
of the Product Director for Demilitarization should perform
a detaled technical and engineerning evaluation of the muni-
tions in the mventory currently demilitarized by open burn-
ing or open detonation and evaluate appropriate alternative

3. Wright, chief engineer, AMCOM Missile Demil, “Missile Demil Brief
Static Fire for Rocket Motors to National Academies of Sciences Conunit-
tee on Alternatives for the Demilitarization of Conventional Munitions,”
presentation to the commiitee, October 24, 2017,
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demilitarization technologies for each mumtion along with
an implementation schedule and budget requirements. This
detailed evaluation should include the option of shipping
munitions and munitions components to other organic or
contractor facilities for demilitarization.

The commutee analyzed the munitions in the demilitar-
ization stockpile as of September 33,2017, that (1) PD Demuil
identified as being disposed of by OB, OD. or static firtng
{a type of OB}, and (2) have been determuned by P Demut
to be stable (i.e., not shock sensitive due to deterioration of
stabilizers). The committee then grouped these munitions
info seven categorics, based on common characteristics,
and added an eighth group for miscellaneous munitions that
do not share common characteristics with the other seven
categories. Tables 7.1 through 7.7 identify the munition and
DODIC, give example alternative demilitarization technolo-
gies, and provide some additional information, if applicable,
including the reason given by PD Denul for not using alterna-
tive demilitarization technologies.

Please note that the purpose of these tables is to analyze
whether or not potential alternative technologies exist that
can be used for demilitarization of these munitions. The alter-
natives in these tables are presented as examples of possible
alternative technologies that may be employed. They are not
intended to be a definitive analysis or to discourage applica-
tion of other alternative technologies that may be unknown
to the committee or may be developed in the future

The commitiee ¢valuated the following munitions
categories:

¢ Dispensers containing submunitions with shaped
charges (both projectiles and bombs);

e HEAT projectiles;

¢ Gun propellant and rocket and nussile motors;

= Mortars:

¢ HE projectiles, bombs, and rocket and missile
warheads;

= Fuzes; and

e Miscellancous munitions (those not fitting nto one
of the categories above).

The committee evaluated the suitability of demilitarizing
the above munitions categories using the followimng alterna-
tive technologies, both separately and as part of a treatment
tra:

#  Disassembly and separation of components;

e Size reduction to comply with net explosive weight
{NEW) restrictions and to defeat shaped charges
using manual or mechanical cutting, waterfet cutting,
and cryofracture;

¢«  Removal of explosives and cnergetics via washout
and steamout;

¢ (B of explosive and energetic components;

¢« Contained detonation of explosive and energetic
components; and

e Neutralization of explosive and energetic components.

TABLE 7.1 Stable” Dispensers with Shaped Charges (Projectiles and Bombs) Currently Demilitanized Using OB and OD

and Fxample Applicable Alternative Technologies

Munition, DODIC, and Quamityb

Steps for Applicable Alternative Demilitarization  Notes©

1. Cartridge, 105 nun HE APERS ICM, M444, = Separate projectile from the propellant

. No notes

DODIC C462, 5,100 wns cartridge.
2. Dispenser and bomb, ACFT CBUIRTH/B, ¢ Denulitarize propellant in CB. 2. DODIC E8Y} is the only bowb in this group.
DODIC ES90, 1,855 tons s [rsassemble the projectile or bomb to remove  As such, steps 1 and 2 are not required.

the submuonitions.

¢ Disassemble or cot the submanition shaped

3. Projectile, 155 mm HEDP ICM APERS,

charges to disrupt the shaped charge effect.

3. DODIC D563 18 stmilar to DB64, which 15

M483AL, DODIC D363, 28 902 tons +  Demilitarize the prepared submunitions in CB. already being demilitarized using this process.

¢ Recycle demilitarized components.

4. Cartridge, 105 mm HEAT-T-MP, M456/E1/A1/
A2, DODIC (508, 686 tons

5. Cartridge and launcher, 84 mim M136 and AT4
Projectile, DODIC C9935, 984 tons

6. Projectide, 135 mm HEAT, M741 Copperhead,
DODBIC D516, 1,389 tons

This DODIC includes internally loaded M42/M46
submunitions.

4. PD Demil says there 1s “no ou-site capability”
for alternative disposal of C508.
5. BODIC (995 1 a single-use recotlless riffe

and projectile. PD Demil says disassembly of

COMPOnents eXposes workers 1o excessive risk, so
automation of this process may be required.

6. For DODIC D510 PD Demil cites “unsafe to
cut Comp B with saw,” as the reason for not using
alternatives. Using a different cutting techunology
{waterjet for example) may resolve this issue.

“MNote that munitions identified by PD Demil as unstable and possibly shock sensitive are appropriate for OB/OD and ave not jncluded in this table.

b Quantities are provided in gross tons, not NEW, ¢ Numbered notes correspond to the nunibered items in the first columa.
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TABLE 7.2 Stable® Gun Propellant Currently Demilitarized Using OB and OD and Example Applicable Alternative

Technologies

Munition, DODIC, and Quantity” Steps for Applicable Alterpative Demilitarization  Notes®

1. Charge. propelling, 155 mm WB M4 Series, +  Remove propellant from the bag or container 1. PD Demil cites problem burning White Bag

DODIC D541, 2,041 tous if necessary. propellant in APE 1236 due to premature ignition

= Demilitarize loose propellant using CB. of propellant.

2. Charge, propelling 155 vun WB, M119 series 2. No notes.

without primer, DODIC D533

3. Charge, propelling, 8 in. WBM2, DODIC 3. No notes.

0676, 172 toas

4. Reducer, flash M3¥/8 in. propeling charge, 4. PD Demil cites safety issues dismantling this

DODIC D631, 439 tons munition. However, it is 1 Ib. of black powder
and should be able to be demilitarized whole in an
appropriate CB system.

5. Charge, 8 1n. GB M1, DODIC D675, 94 tons 5. No notes.

“Note that nunitions identified by PD Demil as unstable and possibly shock sensitive are appropriate for OB/OD and are not tncluded in this table.
b Quantities are provided in gross tons, not NEW, ¢ Numbered notes correspond to the nunibered items in the first columa.

TABLE 7.3 Stable® Rocket Motors Currently Demilitanized Using OB and OD and Example Applicable Alternative
Technologies

Munition, DODIC, and Quantity” Steps for Applicable Alternative Denulitarization  Notes

1. Rocket motor, 2.75 in. MK66-2, DODIC Y147, «  Demilitarize rocket motors using static firing Al of these rocket motors contain double-based

1,052 tons in CB containment. The Honest John, DODIC  propellant not suutable for demilitarization in

2. Rocket motor, 2.75 . MK40 Mod 5, DODIC V511 may require downsizing to achieve the LEMC ARMDP. PD Demdl is constdering the
J106, 214 tons NEW requirements for the Blue Grass Army  option of static firing in the Blue Grass Army

3. Rocket motor 5 -in. MK22-2/3/4F, Liner demo Drepot Controlled Detenation Chamber D-100. Depot Controlled Detonation Chamber D-100.
charge, DODIC 1143, 191 tons s Recycle inert components.

4. Rocket motor, Chaparral, DODIC V511,

229 tons

“4Note that punitions identified by PD Demil as unstable and possibly shock sensitive are appropriate for OB/OD and are not tncluded in this table.
b Quantities are provided in gross tons, not NEW.

TABLE 74 Stable® Mortars Currently Demilitarized Using OB and OD and Example Applicable Alternative Technologies

Munition, DODIC, and Quantity? Steps for Applicable Alternative Demilitarization  Notes

1. Cartridge, 60 mu HE M49A2/A4, DODIC »  Remove propellant if necessary to meet NEW  Mortars are being treated as a separate category
B632, 2,074 tons lmitations. because they come with their propellant rings
2. Cartridge, 81 munu HE M374 E1/A2/A3, e Demilitarize propellant in CB. wrapped around the tail boom and these may be
DODIC €256, 641 tons s Downsize (cut or cryvofractare) mortar if removed {either by hand or by cutting the tail
3. Cartridge, 81 mm HE M821, DODIC 868, necessary to meet NEW himitations. boom oft) if desived and demilitarized by CB
436 tons s Demiltarize mortar tn CB. separately.

s Recycle nert components.

“Note that munitions identified by PD Demil as unstable and possibly shock sensitive are appropriate for OB/OD and are not included in this table.

b Quantities are provided in gross tons, not NEW,

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00099



Alternatives for the Demilitarization of Conventional Munitions

UNDERPERFORMANCE AND FAILURE RISKS. SYSTEMIZATION, AND CONTINGENCY OPTIONS

TABLE 7.5 Stable® High-Explosive Projectiles, Bombs, and Warheads Currently Demilitarized Using OB and OD and
Example Applicable Alternative Technologies

Muunition, DODIC, and Quamityé’

Steps for Applicable Alternative Demilitarization

Notes®

1. Cartridge, AF 30 mm HEL PCU 13 BA/B
Linked, DODIC B104, 284 tons

2. Warhead, 2.75 in. HE, XM/M151, DODIC
H842,2.153 tons

3. Bomb, GP 500 1b. MK82-1, DODIC F485,
2,240 toas

4. Projectile, 155 mum HE, M107 (TNT), DODIC
D544 164 toas

5. Cartridge, 105 oun TP-T, M490/EL/AL, DODIC

C311, 127 tons

6. Cartridge, 90 mum canister, APERS, DODIC
{601,421 tons

7. Cartridge, 90 mom canister, APERS, M390,
DODIC €410, 132 tons

8. Cartridge, 105 mm TPDS-T M724A1, DODIC
C520, 278 tons

«  Separate the propellant case from the
projectile.

»  Remove and demilitarize the propellant in CB.
= Reduce size of the projectile (sawing, waterjet,

cryofracture).
+  Demilitarize projectile pieces in CB.
+  Recycle mert components.

1,2,3, and 4. Demilitarization of projectiles using
alternative technology is being performed on a
large scale on both small and large projectiles at

Crane Armoy Ammunition Activity.

3,6.7, and 8. Have low NEW. PL¥ Demil
currently removes the projectile from the
propellant casing and disposes of the propellant
using OB.

“Note that munitions identified by PD Demil as unstable and possibly shock sensitive are appropriate for OB/OD and are not jncluded in this table.
» Guantities are provided in gross toans, not NEW, ¢ Numbered notes correapond to the npumbered ttems in the first columu.

TABLE 7.6 Stable® Fuzes Currently Demilitarized Using OB and OD and Example Applicable Alternative Technologies

Muanition, DODIC, and Quantity?

Steps for Applicable Alternative Demilitarization

Notes

1. Fuze, PD M74% AL, DODIC N340, 1,559 tons
2. Fuze, PD, M557, DODIC N335, 1,551 tons

3. Fuze, MTSQ, M357/A1, DODIC N285, 1,227
tons

4. Fuze, MS524 F/Mine AT M3, DODIC K068,
128 tons

+  Direct demilitarization in an appropriate CB
systen.

All of these fuzes have small quaatities

of explosives and are suitable for direct
demilitarization in an appropriate CB systent.
Mauny (thousands) of these fuzes have been
demilitarized in the Anniston Arnyy Depot Static
Detonation Chamber.

“4Note that punitions identified by PD Demil as unstable and possibly shock sensitive are appropriate for OB/OD and are not tncluded in this table.
b Quantities are provided in gross tons, not NEW.

TABLE 7.7 Stable® Miscellaneous Munitions Currently Demilitarized Using OB and OD and Example Applicable

Alternative Technologies

Munition, DODIC, and Quantity”

Steps for Applicable Alternative Demilitarization

Notes”

1. Cartnidge, Engine Starter MXU-4A/A, DODIC
MI58, 1.202 tons

2. Charge assembly. Demo Kit M183, DODIC
M757, 372 tons

3. Dynamite, Military M1 TNT, DODIC M591,
421 tons

4. Camster, Mine HE F/XM 87 Volcano, DODIC
K045,216 tons

5. Sonobucy AN/SSQ-110, DODIC 8W77,
amount pot provided

6. Signal Underwater Sooad, DODIC 3W37, 133
tons

7. Mine, APERS, M18A] w/fining device, DODIC

K143, 169 tons

+  Disassemble or resize {saws, waterjet, or

cryofracture) if necessary to meet NEW
restrictions.
+  Demilitarize in ap appropriate CB system.

1. Low NEW aircraft engine starter cartridge.

2. 16 individeal 1.25 1b blocks of plasticized
explosive that is easdy cut using nonsparking
hand tools or an awomated cutting systent

3. Use OD or OB if the TNT 15 deternuned to be
unstable due to age.

A

4,5, and 6. PD Demil carrently dizassembles
these munitions for OB/OD demilitarization.

7. Commonly called “Claymore mine,” consisting
of explosive in a plastic housing.

“Note that munitions identified by PD Denl as castable and possibly shock sensitive are appropriate for OB/OD and are not included in this table.
® Quantities are provided in gross tons, not NEW, ¢ Numbered notes correspond to the mumbered ttems in the first column.
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MUNITIONS NOT SUITABLE FOR DEMILITARIZATION
USING EITHER OB/0D OR ALTERNATIVE
TECHNOLOGIES

PD Demil informed the commaittee that they are not able
to demilitarize approximately 6 percent of the BSA account
munitions using either OB/OD or alternative technologies ®
This 6 percent is guantified as 22 867 tons in a separate pre-
sentation to the committee.” If correct, these munitions would
constitute an important “capability gap.” as there would not
be a current demulitarization method for these munitions and
they would need to he stored indefinitely. Please note that this
6 percent 18 part of the total B5A account and not the “top
400 munitions” that are the focus of this report.

The committee’s analysis shows that this category is
possibly smaller than the 6 percent cited by PD Demul. The
reason for this difference lies in varying definitions of the
term “capability gap.” In one presentation to the commuittee,
“capability gap” is defined as: “Dimimishing returns for item
specific methods,” which the committee nterprets to mean
that an available alternative technology exists but has been
determined to be inadequate or inefficient.’’ Examples of
munitions in this category provided to the committee are:
improved conventional nmunitions, munitions with depleted
uranium (DU}, smoke-producing munitions, and obsolete
rocket and missile motors.

However, the committee notes that;

+  Improved conventional munitions are already being
demilitarized by a confractor using alternative dis-
posal methods;

+ DU projectiles are being removed from the DU muni-
tions and the DU and other components are being
demilitarized using alternative technologies;

+  There are alternative technology capabilities to dis-
pose of smoke-producing munitions, including white
phosphorus, and a commercial contract for alterna-
tive technology demilitarization of hexachloroethane
(HC) riot control agent; and

¢ The new ARMD facihty at LEMC, which appears
to be able to demilitarize all ammonium perchlo-

3. McFassel, product director for demilitarization, PRO AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the committee, August 22, 2017,

9 3. McFassel, product direcior for demilitarization, PEO AMMO, and
O, Hryeak, chief engineer, Office of PD Demilitarization, PEO AMMQO,
“Emerging Technologies Addressing Alternatives to Open Burn and Open

Detonation,” presentation to the conunittee, August 22, 2017,

0¥, McFassel, product director for demilitarization, PFRO AMMO, “De-
militarization Overview for National Academy of Sciences,” presentation
to the comunittee, August 22, 2017,

rate rocket and missile motors using an alternative
technology.

For these reasons, the commutiee belicves it is possible that
the 6 percent estimate of munitions in this category may be
high.

Arevised definition of “capability gap” was subsequently
provided to the committee: “[PD Demil] has not yet dem-
onstrated an approved method for denmlitarizing that item
at either a government or a contractor site.”! This presenta-
tion also provided more iformation on some of the specific
munitions that comprise this category. However. as noted in
Table 7.8, it 13 possible that existing alternative technologies
can be used to demilitarize at least some of these munitions.

The committee’s analysis indicates that the actual capabil-
ity gap for munitions demilitarization 18 possibly less than
the cited 6 percent of the B5A account munitions. However,
the committee believes that these true “capahility gaps,”
defined ecarlier in this chapter to be “the inability to perform
a demilitarization task on the ‘top 400" munitions in the BSA
account due to a lack of adequate equipment or processes,”
are appropriately the focus of the PD Demil research, devel-
opment, test, and evaluation program.

TABLE 7.8 Sample of Munitions Identified as “Capability
Gaps” and Possible Existing Alternative Treatments

Munition Tdentified As
Capability Gap

Posaible Existing Alternate
Treatment Approaches

1,000 Ib general-purpose bombs,
DODIC E506

Size reduction folowed by
demilitarization in CB

C8 riot control agent (5 DODICs)  Conunercial treatment process such
as that contracted for HC smoke”
LEMC ARMD facility currently
undergoing pernut testing

AP rocket motors (7 DODICs)

“The source for this tem is J. McFassel, prodact director for Demilitar-
zation, PEC AMIMO, “Demilitarization Overview for Nattonal Academy of
>ntation to the conunittee, August 22, 2017,

Sciences,” pres
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OVERVIEW

Chapter 4 reviews alternative demilitarization technolo-
gies, and Chapter 7 identifies a number of examples of alter-
native technologics that could be used 1n Iieu of open burning
{OB) or open detonation (OD). This chapter compares those
alternative technologies to OB or OD in terms of each of the
evaluation criteria defined in Chapter 5. Contained burning
{CB) and contained detonation {CD) comprise most of the
alternative technologies evaluated, but other technologies are
included if they can be used in heu of OB/OD. The demili-
tarization technologies that the committee concluded could
be used in lieu of OB or OD are summarized below in Table
8.1, and the conmumitiee’s technology comparison ratings are
summarized in Tables 8.2 and 8.3. In the comparison tables,
a "0 rating is applied to OB and OD for each of the nine
criteria and then ecach alternative 1s evaluated against that
baseline. A “~" indicates that, in the committee’s judgment,
a particular technology performs less effectively than either
OB or OD i teyms of that specific eriterion. A “+7 indicates
that, mn the committee’s judgment, a particular technology
performs better or more effectively than either OB or OB in
terms of that specific criterion. A “07 indicates that, in the
commiftee’s opinion, a particular technology is substantially
the same as OB or O in terms of that specific criterion. In
the case of one criterion, throughput capacity, the rating is
dependent on the munition(s) being treated; in that case, the
rating provided s “D,” mndicating that whether an alternative
technology would have a better or worse throughput than OB
or OD depends on the munition being treated.

Rankings of + and - do not indicate how much more or
less effectively technologies perform relative to OB and O,
only that, in the committee’s judgment, they are qualitatively
better or worse, or more or less effective, than the baseline. A
rigorous, guantitative evaluation of each technology against
OB and OD would require a great deal of information that
was not available to the committee.

85

ALTERNATIVE TECHNOLOGIES EVALUATED

As discussed in Chapter 7, there are several alternative
CB technologies that can be used in lieu of OB and several
alternative CD technologies that can be used in hieu of OD.
It should be noted, however that

+  Some alternative technologies can be used to replace
both OB and OD. For example, rotary kiln incin-
erators (RKIs) and the Static Detonation Chamber
(8DC) are both classified by the committee as CB
systems, but they both also have the potential to
replace either OD or OB, depending on which munt-
tiong are being demifitarized.

e Somwe alternative CB and CD technologies can be
used to process an entire munition of one type, but
would need one or more preprocessing steps for other
munition types, depending on munition physical
size, net explosive weight (NEW) content, mternal
components (e.g., submunitions), and other factors.

The following section describes the organic and industrial
alternative technologies evaluated by the committee that can
be used for demilitarization instead of OB and OD.

Technologies That May Be Usad o Replace 08

B Chambers

As shown in Chapter 7 and based on its research and
analysis. the committee believes that most of the energet-
ics and other material currently being treated by OB at the
stockpile sites can be demilitarized in CB chambers. Apph-
cable alternative {contained disposal) technologies include
the following:

+ (B chambers with pollution abatement systems
(PASs) similar in concept to the one used at Camp
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TABLE 8.1 Summary of CB and CD Demilitarization Technologies That Can Be Used to Replace OB or OD

Technology Description

Energetic materials CB Energetics ncineration with PAS (e.g., a batch system similar to that used at Camp Minden)

Rocket and missile motor CB Rocket and missile motor fiving in contained chamber with PAS

Bulk Energetics Disposal System (BEDS) CB Sharried bulk energetics incineration in rotary Kiln incinerator with PAS

ISCWO Sharried energetics oxidation/mineralization

MuniRem Cleaning of contanunated surfaces using selfur reduction chemistry

Alkaline hydrolysis Energetics hydrolysis in sodivm hydrexide

SDC Faergetics deflagration/detonation i externally heated confined chamber with PAS (no donor
charge)

RKIs Incineration in contained chambers with PAS

Flashing fornaces Burning of energetics on metal surfaces with PAS

CDC Contained detonation using donor charge

DAVINCH Contained detonation using donor charge

Decineration process Diestruction of small munitions in externally heated comumercial process with PAS

TABLE 82 Comparison of OB and Technology Alternatives to OB (Does Not Include Treatment Traing)®

Throughput Eanvironmental and Personnel Maturity Public Confidence in
Technology Capacity Public Health Impacts®  Safety? Cost® and Permitability/ Monitorability®  Technology®
OB g g g g ¢ 0 0
Euergetic materials CB o + Q - 0 + +
Rocket and missile motor D + 1} - 0 + +
CB
Bulk Energetics Dnsposal D + 9 - G + +
systemn CB
iISCWO iy + 0 - - + +
MuniRem o + 4] - - " 3
Alkaline hydrolysis D + 4] - - + +
SBC D + g - 0 + +
Rotary kiln incinerators 3} + Q - 0 + +
Flashing furnaces D + 1} - 0 + +

¢

“OB serves as the baseline for comparison with a “07 rating for each criterion, “~" indicates that the alternative technology performs less effectively than
OB, “+7 indicates that the technology performs better than OB, and 07 indicates the technology is abowt the same as OB in terms of each criterion.

*D, depends on treatment technology capability, numnitions characteristics, and permit restrictions.

¢ AH alternative technologies are enclosed and have lower emissions than OB, so perform better in terms of enviropmental and public health impacts.

¢ All alternative technologies are assumed to have been reviewed by the Department of Defense Explosives Safety Board (DDESB), so are equivalent in
terms of safety.

¢ Alternative technologies are counsidered more expensive than the relatively low-tech OB, based solely on the need to site, design, install, and operate
new facilities.

f Alternative techunologies that have been permitted are assumed to be mature and as easy to permit as OB, but if a technology is not mature and has not
yet been permitted, it will be more difficult to permit than OB.

8 Uglike OB, alternative technologies can be engineered with a PAS, so are more easily monttorable.

% Public confidence is a fanction of technologies’ characteristics and potential risks, as well as people’s assessments of their management and related
decision-making processes, which are site-specific and difficult to predict, but the committee believes that, in general, alternative technologies may be more
acceptable to the public than OB.

{Despite the long history of public opposition to incineration, that opposition may no longer apply in specific instances to incinerators with newer state-
of-the-art polution abatement technologies.
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TABLE 8.3 Comparison of OD and Technology Alternatives to OD (Does Not Include Treatment Traing)®

Maturity
Throughput  Envircamental and Personnel and Public Confidence in
Techaology Capacity Public Health Impacts®  Safety? Cost? Permitability/ ~ Meonitorability?  Technology”
oD 0 0 0 0 0 0 O
CDC Df + 0 - 0 + "
DAVINCH D + 0 - O + +
SDC D + 0 - 0 + +
Rotary kiln D + 0 - 0 + +
incinerators
Decineration D + 0 . 4] + +
furnace
43D serves as the baseline for comparison with a “07 rating for each criterion, -7 indicates that the alternative technology performs less effectively

than O, “+7 indicates that the techuology performs better than 0D, and "07 ndicates the technology is about the same as OD in terms of each criterion.

Y13, depends on treatment technology capability, munitions characteristics, and permit restrictions.

¢ Al alternative technologies are enclosed and have lower emissions than OD, so perform better n terms of envircamental and public health impacts.

4 all alternative technologies are assumed to have been reviewed by the DIDESR, so are equivalent in ternis of safety.

¢ Alternative technologies are considered more expensive than the relatively low-tech O, based solely on the need to site, design, install, and operate
new facilities.

f Alternative technologies that have been permitted are assamed to be mature and as easy to permit as O, but if a technology is not mature and has not
yet been permitted, it will be more difficult to permit than OD.

3 Unlike OD, altergative techpologies can be engineered with a PAS, 50 are more easily monitorable.

" Public confidence is a function of technologies” characteristics and potential risks, as well as people’s assessments of their management and related
decision-making processes, which are site-specific and difficult to predict, but the conunittee believes that, in general, alternative techuologies may be more
acceptable to the public than OD.

{ Despite the long history of public opposition to incineration, that opposition may no longer apply in specific instances to incinerators with newer state-
of-the-art pollution abatement technologies.

Minden, Louisiana. for destruction of energetics. but Technologies That May Be Used o Replace 0D
at a smaller scale;

¢ Rocket and missile motor CB systems, such as the
Ammonmam Perchiorate Rocket Motor Destruction
{ARMD) facility at Letterkenny Mumitions Center
(LEMC) used for ammonium perchiorate-based pro-
pellants, and similar chambers that have been used
elsewhere; and

¢ Fnergetics disposal systems involving water slurry
feed of bulk propellants into a rotary kiln incinerator
for contained burn.

Denulitarization technologies that can be used instead
of OD consist of CD chambers where an itiating (donor)
charge 1s used to detonate explosive materials in the muni-
tions. Their throughput capacities and NEW containment
limitations vary with the munition and the size of the CD
chamber. For example, the Controlled Detonation Chamber
{CDC) models T-60 and DB-100 are approved for NEW capac-
ities of 40 1b and 49.3 1b. respectively. The Detonation of
Amrmuanition in a Vacuum Integrated Chamber (DAVINCH)
model DV-60 is approved for a NEW capacity of 1321b, and
the smaller DAVINCH lite is approved for 53 Ib NEW. For
Other Energetics Destruction Technologies these technologies, the NEW rating includes that of the donor
charge, which can be a significant fraction of the total NEW
per cycle, thus liniting the nunition NEW to he destroyed
in the chamber,

The following technologies are not CB technologies in
that they do not thermally treat materials with a burner, but
are capable of chemically treating shurried energetics and
contaminated surfaces. All have limited throughputs for most
munition types, however. These are B Technologies That May Be Used to Beplace

Both OB and 0D

Several technologies have the potential to be used as
replacerments for both OB and OD, depending on the muni-
tion {described as dual-use technologies in Chapter 4).
These are

¢ industrial supercritical water oxidation iISCWQO) for
sharried energetics,

s MuniRem for cnergetics, and

¢ Alkaline hydrolysis.
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s The SDC;

¢ Various RKIs such as the amumunition peculiar equip-
ment (APE) 1236, the Explosive Waste Incinerator,
and the General Dynamics Rotary Kiln Incinerator;
and

¢ The Decineration process.

All of these have explosion containment capabilities that
depend on the feed rate (number of feed cycles per hour) and
the NEW of the munitions or munifion components being
processed per cycle. NEW capacities for these technologies
range from 300 to 600 b per hour.

industrial Capabilities as Allernatives to 08/0D

Demilitarization of conventional munitions 1s also carried
out by private sector Army contractors that are not allowed to
use OB or OD as demilitarization methods. Those companies
demilitarize munitions in processing lines, where they per-
form automated disassembly of complex munitions, remove
shaped charges and other internal components, thermally
destroy energetics, clean the munition bodies, and use a PAS
to treat offgases and other process effluents.

TECHNOLOGY COMPARISONS

CB and CD weatment alternatives that the committee
determined could be used to replace OB and OD are sum-
marized in Table 8.1 and evaluated qualitatively in Tables 8.2
and 8.3, respectively. using OB and OD as the baselines for
comparnison and the evaluation eriteria described in Chapter
5. The commuittee did not evaluate nmunitions preparation
technologies separately {(e.g., technologies used for size
reduction such as water jets, cryofractare, and band saws)
because those technologies cannot replace OB and OD.
They are also completely mature and currently in use for
munitions demifitarization. Appropriate munifions prepara-
tion technologies can be evaluated based on their specific
demilitarization requirements.

Explanation of O0B/0D and Comparable
Technolegies Ratings

Throughput Capacity

Throughput capacity refers to the nominal rate at which
munitions can be processed. The committee rated throughput
capacity D {dependent) in all cases because throughput is
dependent on many factors, some of which may offset cach
other. Those factors include the capability of the treatment
technology, the characteristics of the munitions or muni-
tion components being treated, and permit requirements, as
follows:

¢ Treatment technology capabilities vary with capac-
ity, quantity of material fed per cycle, number of
feed cycles per time period, thermal capabilities of
the technology, ability of reactions to go to comple-
tion (for chemical wreatment), effectiveness of PASs,
physical size of munitions or components fed per
cycle, and the explosive containment capacity of the
technology, whether expressed in NEW allowed per
cycle or per hour.

¢ Munition characteristics vary according to size,
shape, ability to be disassembled, energetic deflagra-
tion potential, and the need for pre- and post-process-
mg steps. Physically small munitions, for example,
with NEWs that fall within the capabilities of the
technology, may be processed with minimal or no
pretreatment. Munitions containing large explosive
charges, shaped charges, propellant, and perhaps sub-
MUnitions require one of More preprocessing steps to
separate components and reduce NEW content.

+  Permit requirements generally constrain the fre-
quency of OB and OD operations according to
meteorological conditions, limiting the rate at which
munitions may be destroyed. Permit conditions can
also limit processing rates for alternative technolo-
gies with requirements such as NEW himitations and
operating restrictions {e.g.. cool-down).

Although in general alternative technologies may be
expected to have lower throughput rates than OB or OD, the
ability of a CB or CD chamber to operate on a more predict-
able schedule, unconstrained by meteorological conditions,
could result in a higher overall throughput rate over the
life cycle of the unit for a specific feed or technology when
compared o OB or OD operations.

Environmenial and Public Realth Impacts

This criterion refers to the potential environmental and
public health impacts of emissions and discharges to all
environmental media (air, water, soil) during operations, to
discharges of any secondary waste streams generated during
processing, and to the ability to prevent or manage them dur-
ing or after operations. [t also refers to community impacts
of vibration, noise and shock, and odor. Regulators consider
permitted OB/OD operations to be protective of public health
and the environment.

During OB, thick plumes of smoke and particulates are
often visible. continuing for some time after the event. OD
typically results in large amounts of debris and potentially
contaminated soil spread over a large area. In the case of OD,
a covered pit may limit the range of fragments. The control of
emissions 18 dependent upon a number of factors, however,
cach of which is controlled to some extent under the permit
conditions for OD events at a particular faciity (DoA, 1982).
As ovidenced by the demilitarization program’s practice,

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00105



Alternatives for the Demilitarization of Conventional Munitions

COMPARATIVE ASSESSMENT OF DEMILITARIZATION TECHNOLOGIES 89

Department of Defense (DoD) policy requires installations
to have reuse, recovery, and recycling progranis that properly
and cost effectively manage materials in accordance with the
DoD pollution prevention hierarchy (DoD, 2016).

Because all the alternative technologies are enclosed
and almost always mvolve some form of PAS, community
impacts and emissions to the environment are typically
smaller and pose less risk than OB/OD.

Parspnnel Safety

The Office of the Product Director for Demilitarization
has stressed, and the comumittee concurs, that preventing
worker injury is paramount in any demilitarization operation.
However, no denilitarization process is without risk. OB
and OD require that personnel handle munitions and, for
0D, donor charges, thereby exposing themselves to explo-
sive hazards. In general, more munitions handling and more
personnel contact s required when demilitarizing ranitions
via an alternative process, depending on the extent to which
automation has been implemented for activities such as dis-
assembly; CB and CD technologies typically involve more
handling of munitions. A notable exception to this generality
is the SDC, which involves less munitions handling than OB/
OD for munmitions that meet the NEW requirement for direct
insertion nto the SDC.

For most munitions and processes, personnel safety
1ssues are addressed through appropriate engincering (¢.g.,
prevention through design) and through the development
of, and strict comphiance with, technology-specific standard
operating procedures, as currently required by the Office of
the Product Director for Demilitarization and the DDESB,
However, OB, OD, and all the alternatives involve some
degree of risk to personnel. The committee believes that the
cursently required DDESB safety approvals for both OB/OD
and CB/CD and their associated demilitarization processes
are adequate to mininmize explosive accidents and injuries.
For this reason, the committes has rated all technologies that
it evaluated as “07—that is, unlikely to differ substantally
from OB/OD.

Additionally, some shock sensitive or unstable muni-
tions may not be safe to handle or transport for treatment by
alternative technologies; thus, the capability for OB/OD will
always be needed.

Cost

The Army has estimated that the operational cost of OB/
OD is $750/ton, which is lower than the operational cost of
CB/CD, estimated by the Army as $2.000 to $20.000/ton.!

V1. McFassel, product director for demilitarization, PEG AMMO, and
O. Hrycak, chief engineer, Office of PD Demilitarization, PECO AMMO,
“Emerging Techuologies Addressing Alternatives to Open Bum and Opes
Detogation,” presentation to the comimittee on August 22, 2017,

The committee estimated that the operational cost of the
Camyp Minden emergency propellant CB was about $3,500/
ton,? which would likely be reduced under nonemergency
conditions. In that case, the cost of propellant CB could be
cost-competitive with OB.

Actual costs of demilitarization are not limited to opera-
tional costs, however, and include capital (startup), opera-
tional, environmental monttoring, and closure costs. DoD3
guidance specifically requires consideration of life cycle
costs (LCCs), not just operational costs. According to DoD
gmidance, life cycle cost is defined as “the cost to the gov-
erament of a program over its full life, including costs for
research and development; testing; production; facilities;
operafions; mamntenance; personnel; environmental compli-
ance; and disposal.”® The committee was unable to cobtain
sufficiently detailed information to address and compare the
LCC of OB/OD or the alternative technologies. Estimates
of capital, monitoring, and closure costs for the alternative
technologies or the existing OB/OD units at the seven depots
were also largely unavailable. The committee believes that
the capital (startup) costs of the alternatives would likely
be considerably higher than those for OB/OD, while the
closure costs associated with the alternative technologies
would likely be considerably lower than those for OB/OD.
Adequate data to perform a quantitative analysis were not
provided, however.

The committee did obtain some information about the
LCC of the Camp Minden operation based on the con-
tractor’s project proposal (EPA. 2015). In that case, the
cost of mobilization and site preparation, destruction of
15,700,000 Ib of M6 propellant and 320,000 Ib of clean
burning igniter, basic pollution abatement and environmental
monitoring. and site restoration produced an estimate for
demilitarization of about $3,500/ton.

The committee also concluded that if a demilitarization
facility, whether OB/OD or an alternative, is operated for
decades, the cost of closure and cleanup as a function of dol-
lars per ton demilitarized would likely decrease to the point
where it becomes less significant compared to total cost.

Maturity and Permitability

Maturity 13 how far a technology has developed to ensure
reliable operation. Permutability is the ability to obtain an
operating permit. The two are very much related. H a technol-
ogy is not mature, it 18 unlikely to have a Resource Conser-
vation and Recovery Act (RURA) operating permit. Among
other things. a series of tests. calculations, assessments, and
evaluations are needed to obtain a permit. The more locations

“ Based on cost estimate found in contractor’s proposal for removal and
disposal operations involving 15,700 000 1b of M6 propellant at $0.90/1b
(EPA, 2015).

3 Life cycle cost (LCC) definition, hitps://www.deu.mil/acquipedia/
Pages/ArticleDetails aspx 7atd=e8a6d81{-3798-4¢d3-ae 1 8-d 1 abafaact9f.
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at which a technology has been permitted, the more likely
regulators will be familiar with the technology. In that case,
the permit requirements needed to ensure a technology is
mmplemented in a manner that protects uman health and the
environment are fairly well established. Of course, both OB
and OD are mature technologies, both being used for decades
and both having been permitted at a number of locations.
Those alternative technologies currently permatted at various
locations are also considered mature.

Monitorability

Monitorability is the degree to which effluents can be
monitored during and after demilitarization activities.
Monttoring characterizes environmental releases, person-
nel exposares, and public exposures, should they occur,
thus providing information about how well a technology
18 meeting permit requirements. The committee concluded
that cach of the alternative technologies evaluated would be
more easily monitorable than OB/OD. Although permits for
OB/OD operations include monitoring requirements, those
pertain to the monitoring of environmental media following
operations. Each of the alternative technologies that could
be used to replace OB or OD can be engincered with a PAS
that includes monstoring of the process effluents to ensure
that emissions do not exceed regulatory limits. Although a
hold-test-release design could confum that emissions stan-
dards are being met, hold-test-release was developed for
demilitarization of chemical weapons due to their high acute
toxicity; the committee believes that this capability is not
needed or appropriate for conventional munitions.

Public Confidence

Public confidence in both the alternative technologies
themselves and how their operations are likely to be man-
aged by the Army can impact implementation of alterna-
tive technologies at particular sites. One impetus for this
committee’s report was public interest groups’ concerns
about potential environmental and public health impacts
associated with OB and OD. By reducing environmental
mpacts {(e.g., through using contained systems), reducing
potential public health risks (e .g., through lower emissions),
and implementing some level of monitoring capability,
alternative technologies can better address public concerns.
Addressing public concerns i a meaningful manner can
promote public confidence, and thus support acceptance and
legitimacy for new demilitarization technologies. However,
a strong caveat is required. Public confidence is a function
of technologies’ characteristics and potential risks, as well
as people’s assessments of the technologies’ management
and related decision-making processes, which are difficult to
predict (see Chapters 9 and Appendix D). Public confidence

1s site specific and reflects the public’s understanding and
beliefs about the history of the technologies’ management at
particular sites. In general. however, the commitiee believes
that alternative denulitarization technologies will be more
acceptable than OB/OD.

In the case of incineration, there has been a long history of
public opposition. Conchiding that there will necessarily be
community opposition in the future to incineration technolo-
gies that use state-of-the-art PAS controls is inappropriate,
however. The assumption that there will be opposition is
based on historical experiences that may no longer apply.

Finding 8-1. Fach of the aliernative techoologies that the
committee evaluated as potential replacements for OB and
OD would have lower emissions and less of an environ-
mental and public health impact, would be monitorable, and
would likely be more acceptable to the public.

Finding 8-2. Throughput capacity for OB and OD and
alternative technologies is dependent on many factors, some
of which may offset each other. These factors include the
capability of the treatment technology, the characteristics
of the munition or munition component being treated, and
permit restrictions.

Finding 8-3. Most of the alternative technologies that could
replace OB and OD are mature and many have already been
permitted.

Finding 8-4. The alternative technologies that could replace
OB and OD could pose either more or less nisk to personnel
depending on the munition and on the extent to which muni-
tions handling 1s required. The safety approvals currently
reqaired by the DBESB for both OB/OD and CB/CD and
their associated demilitarization processes are adequate to
minimize explosive accidents and injuries.

Finding 8-5. Hold-test-release capability is neither neces-
sary nor appropriate for technologies treating conventional
munttions and associated wastes because of the difference
in acufe toxicity between chemical warfare agents and the
components of conventional munitions.

Finding 8-6. The committee requested but was unable to
obtain sufficient data to draw general conclusions regarding
the relative LOCC of OB and OD and the alternative technolo-
gies, although the capital (startup) costs of the alternatives
will likely be higher while the costs of environmental moni-
toring and closure will likely be lower. Operating costs of the
alternatives appear to vary widely and in some cases may be
competitive with OB/OD.
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Section 1421 of the National Defense Authorization Act
(NDAA) for Fiscal Year 2017! and this committee’s state-
ment of task require the identification and evaluation of
“any barriers to full-scale deployment of alternatives to open
burning, open detonation, or non-closed loop incineration/
combustion and recommendations o overcome such barni-
ers.” In the context of this report. the commuttee defines the
following terms:

s A barrier as something that must be overcome in
order for alternative technologies to be apphied to
munitions within the demilitarization stockpile that
are currently being treated via open burning (OB) or
open detonation (OD); and

o Full-scale deployment of alternative technologies
as maximizing the use of alternative technologies
for all munitions in the stockpile that are currently
being treated via OB/OD, to the extent possible,
using (1) existing facilities; (2) designing, installing,
permitting, systenmuzing, and deploying technologics
at one or more Army demilitarization depots; or (3)
initiating contracts with commercial facilities.

The Office of the Product Director for Demilitarization
(PD Demil) provided information to the commitlee con-
cerning the reason OB/OD was selected for the muanitions
on the hist of the top 400 Departiment of Defense Identifica-
tion Codes (BODICs) in the stockpile. The most common
reasons given were safety —for example, the requirement
to disassemble certain munitions before using alternative
technologies may affect personnel safety and a lack of
organic alternative technologies on-site at the depot where
the munition was stored.” Representatives of PD Demil also
expressed concerns that the lower throughput attributable
to some alternative technologies could impact the nmission

Fpublic Law 114-328, 130 Stat. 2571, December 23,2016, Section 1421,
2 Copy of Information Request on OBOD Munitions xlsx, October 2017.

02

readiness of the Do, although they also stated that currently
existing alternative technology units are not being used to
their maximum capacity and that PD Demil could improve
and maximize the throughput of existing alternative technol-
ogy units. PD Demil pointed out that it has used research,
development, test, and evaluation funding to address effi-
ciency of alternative technologies. including (1) expanding
the APE 1236 for dual feed to get more throughput rather
than limiting campaigns to single munition types and (2)
implementing cryofracture preprocessing to support the use
of other alternative technologies, such as contained bun
chambers.?

The committee agrees that human health and personnel
safety are the paramount reason that all demilitarization
technologies must be evaluated and chosen carefully (see
Chapters 2 and 6). However, the committee believes that
if alternative technologies are available at other stockpile
depots? or through commercial contracts, it would be appro-
priate for P Demil to consider all of these resources when
deciding what technology to use, taking into consideration all
pertinent criteria such as transportation cost, risk and public
acceptance, and that the lack of an organic, on-site technol-
ogy should not be the Army’s sole reason for continued usc
of OB/OD. The committee also believes that the required
disassembly of mmunitions is not a significant barrier to using
alternative technologies while ensuring minimal exposure of
personnel to explosive safety risks (see Chapters 4,7, and 8).
The committee discussions in the previous chapters indicate
that there are no sigmficant technical, safety, or regulatory
barriers to designing, installing, permitting, systenuizing , and

3 Telephone conference call with PD Demil, June 6, 2018,

4The Army indicated that between 7 and 15 percent of the current
stockpile being treated via OB/OD could be treated by alternative tech-
nologies at ancther organic nstallation. I, MicFassel, product director for
demilitarization, PEO AMMO, and O. Hrycak, chief engineer, Office of
PD Demilitarization. PEO AMMO, “Emerging Technologies Addressing
Alternatives to Open Burs and Open Detonation,” presentation to the com-
mitiee, August 22, 2017,

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00109



Alternatives for the Demilitarization of Conventional Munitions

BARRIERS AND GTHER CONSIDERATIONS

deploying alternative technologies for demilitarization of
the vast majority of the conventional waste munitions in the
Army stockpile that cannot be overcome. Only a relatively
small quantity of unstable munitions that present safety
concerns absolutely require use of OB/OD (see Chapter 7).
The committee believes that there 1s only one barrier to
the full-scale deployment of alternative technologies in hicu
of OB/OD—namely, funding. The committee, in addition,
identifies two considerations that are not barriers, but could
significantly impact the cffective implementation of the
Army’s strategy fo transition away from OB/OD: (1) PD
Demil’s lack of a detailed implementation plan to mstitu-
tionalize the 2018 Demilitanization Strategic Plan goal to
ncrease the use of contained disposal technologies (CDTs)
and reclamation, recycling, and reuse (R3); and (2) the poten-
tiaf for public opposition to the implementation of alternative
technologies at the individual stockpile depots.

Finding 9-1. There are no significant technical, safety, or
regulatory barsiers to the full-scale deployment of alterna-
tive technologies for the demilitarization of the vast majority
of the conventional waste munitions, bulk energetics, and
associated wastes.

FUNDING BARRIER

PD Demil Funding

Funding is a significant factor in PD Demil decisions
regarding selection and use of demilitarization techaolo-
gies. As stated in Chapter 2, overall fanding for PD Demut
increased from $134 million in FY2008 to about $198 mil-
fron in FY201K; an increase of about 4 percent per year (Hry-
cak and Crank, 2015)5 However. the NDAA for FY2019,
in reconciliation as this report was completed, shows that
the Army requested and was granted only $158 million for
conventional munitions demilitarization; a decrease of about
37 percent from the FY2018 appropriation of $250,826 000,
These appropriations include demulitarization activities at
both organic Army facilities and commercial contractors. PD
Demil stated to the committes that the primary limitation on
the quantity of munitions demilitarized is not technological
capability or capacity, but budget ® In 2015, the Government
Accountability Office (GAO) reported that the Army, as the
Single Manager for Conventional Ammunition (SMCA),
stated that the Department of Defense (DoD) demilitariza-
tion budget request frequently does not match actual fund-
g needs because the request is based upon the estimated
disposal costs required to reduce the existing conventional
munitions demilitarization stockpile as well as the costs of
disposing of munitions that the services forecast they will

5. McFassel, product director for demilitarization, PEO AMMO, “Clari-
fications on Demilitarization Policies and Procedures for National Academy
of Sciences,” presentation to the committee on Ootober 23,2017,

6 Ihid.
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submut for disposal in the futre (GAO, 2015). However, the
forecast information from the services is often inaccurate,
although the forecasts have been improving (see Chapter 2.
GAO stated that the SMCA “addresses the funding chal-
lenge each year by developing an annual demilitarization
plan to dispose of as much of the [conventional ammunition
demilitanization] stockpile as 1t can based on the amount
of funding they receive.” As reported by GAO, Army offi-
cials stated that uncertainties in the amount of funding has
caused them to be reluctant to iniate projects that increase
demilitarization capacity or efficiency, since these capabili-
ties may not be utilized in the future due to funding short-
falls. Furthermore, Army officials stated to GAO that they
lack research, development, test, and evaluation funding to
develop demilitarization processes for the disposal of some
materiel in the stockpile that cannot be demilitarized using
“current processes” (GAO, 2015). A Decemiber 2013 Army
Audit Agency report by the Army Deputy Chief of Staff
for Logistics {((3-4) stated that the conventional munitions
demilitarization program is considered a lower priosity by
the Army when compared to other needs (GAQO, 2015).

Cost Estimates

Army and Dol guidance requires performance of full
life cyele cost (LCC) analysis (often called Total Ownership
Cost for defense systems).” Such a LCC apalysis is neces-
sary to make a completely informed decision on whether
to mmplement alternative technologies in lieu of OB/OD.
The LCC for each permitted unit need to mclude the cost
of clean closure required under the appropriate regulations
{see Chapters 6 and 8). Conceptually, the LCC of OB/OD
should be compared to the LOC of an alternative technology
(GAQ, 2001; Ryan et al., 2012). If the cost of clean closure
at an OB/OD site is significant, the LCC of implementing
an alternative technology may not be significantly different
from the LCC of an OB/OD unit. Cost estimates provided
to the committee in PD Demil presentations did not include
full LCC, in that they did not include clean closure costs
when comparing the cost per ton of alternative technologies
versus OB/OD.

The committee makes no recommendation on the pri-
orities, funding goals, or schedules that should be adopted.
The decision on funding is a policy decision to be resolved
between the Army (or, more broadly, DoD) and Congress
through whatever budget process is appropriate. However,
the committee believes that absent a clear directive from
Congress, accompanted by sufficient funding, it will not be
possible for the Army to implement full-scale deployment of
alternative technologies.

TLCC Definition, https://www dau mil/acquipedia/Pages/ArticleDetails.
aspx?aid=e8a6d811-3798-4cd3-ae18-d1abalfzacSf
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Finding 9-2. The implementation and use of alternative tech-
nologies 18 a function of how much funding is requested by
the Army and how nch funding is appropriated. however,
both the Dol and the Army have placed a relatively low
priority on funding the demilitarization program, mchiding
the implementation of additional alternative technologies to
replace OB/OD, as reflected m their past budget requests.

Finding 9-3. Uncertainty in the current and future funding
levels for demilitarization of conventional munitions is a
barrier to the development and increased use of alternatives
to OB/OD.

Finding 9-4. Absent a clear directive from Congress, accom-
panied by sufficient funding, 1t will not be possible for the
Army to ymplement full-scale deployment of alternative
technologies in licu of OB/OD.

Recommendation 9-1. To enable the Department of Defense
and Congress to decide what level of resources should be
devoted to increasing the use of alternative technologies in
Iieu of open burning (OB) and open detonation (OD), the
Office of the Produet Director for Demylitarization should
prepare an analysis of the full life cycle costs of demilitar-
ization of the munitions in the stockpile using alternative
technologies and OB/OD to determine the funding necessary
to increase the use of alternative technologies over various
periods of time and the impact of that increase on the denili-
tarization enterprise.

OTHER CONSIDERATIONS THAT COULD
IMPACT THE FULL-SCALE DEPLOYMENT
OF ALTERNATIVE TECHNOLOGIES

Lack of 2 Formal Plan 1o Transition io
Alternative Technologies

In 1ts 2007-2012 Demilitarization Strategic Plan, the
SMCA stated a strategic goal to “emphasize closed disposal”
{(DIA, 2006). The enabling objectives/metnics for this goal
were o

s Pursue and optimize cost-effective processes for
CD¥is, and

¢ Achieve a minimum level for CDTs at 80 percent of
execution.

In fact, PD Demil has reduced the use of OB/OD at
the seven stockpile depots substantially over the past two
decades owing to a combination of the use of alternative
technologies, increased reuse and recycling, and increased
commercial sales or transfers (see Chapters 1 and 2).

In May 2018, the Army issued its new Denubitarization
Enterprise Strategic Plan.® There was no strategic plan
between 2012 and 2018, The committee believes the lack
of a strategic plan between 2012 and 2018 may reflect the
relative low priority given to dennlitarization of conventional
munitions, and consequently. the goal of increasing the use
of alternative technologies.

The 2018 Demilitarization Enterprise Strategic Plan
focuses on the following four goals:

1. Maximizing the capacity of commercial contracts

(industrial base);

Improving the efficiency and effectiveness of denuki-

tarization capabilitics;

3. Institutionalizing design-for-demilitarization policies
for all new and modified conventional munitions; and

4. Increasing the use of CDTs” and R3 while continuing
to ensure minimal exposure of personnel to explosive
safety risks.

ra

Unlike the 2007-2012 Demilitarization Strategic Plan,
the last goal i the 2018 Demilitarization Strategic Plan
has no numerical goal for increasing the use of CDTs or for
increasing the use of R3 in the execution of conventional
munitions demilitarization.” There are two metrics estab-
fished for Objective 4a, “Increase Use of Closed Disposal
Technology. ! The first requires reports on the “percentage
of annual tonnage of munitions demilitarized using closed
disposal technologies” to “document the demilitarization
enterprise 18 not completely reliant on open burning and
open detonation and 1s making a significant investment in
closed disposal technologies which are useable, safe and
environmentally compliant.”? The second metric calculates
the “rotal configurations in the stockpile for which closed
disposal technology exists or is feasible” focused on the
top 400 DODICs by weight. The metric should “show an
increase from the previous year.”!?

§ Strategic Plan: For the Demilitarization Enterprise, draft document
provided to the committee by J. McFassel, product director for demilitariza-
tion, PEO AMMO, via e-mail on May 23, 2018.

? Although the PD Demil 2018 Demilitarization Strategic Plan uses the
term “closed disposal technologies.” the committee believes it is best to use
the term “contained” versus “closed” for two reasons. Tirst, because most
contained burp and contained detonation systems eventually release an air
stream to the environment, these systems are not troly closed. Second, the
commitiee wants to clearly differentiate the type of treatment (open versus
contained} from Resource Conservation and Recovery Act (RCRA) unit
closure reguirements.

19 Although R3 is an important function for PD Denul, this conumittee’s
charge 1s to identify and evaluate barriers to the full-scale deployment of
alternatives to OB/OD or non-closed oop (1 2., noncontained) incineration/
contbustion technologies.

U “Srategic Plan: For the Demilitarization Enterprise,” drafl document
provided to the committee by I. McFassel, product director for denulitariza-
tion, PEO AMMO, via e-mail on May 25,2018,

2 1bid.

Y 1bid.
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BARRIERS AND GTHER CONSIDERATIONS

The metrics for the first three goals and objectives in the
2018 Demilitarization Enterprise Strategic Plan require PD
Demil to determine whether the calculated metric meets
established performance ratings (1.¢., green, vellow, and
red) to demonstrate improvement; however, the metrics for
increasing the use of CDTs, and conversely the transition-
ing away from OB/OD, do not.** Therefore, other than the
general, nonnumeric goal to increase the use of contained
disposal and the associated general metrics calculations with
no performance requirements stated in the 2018 Denulitar-
ization Strategic Plan, it appears that neither the Army nor
P Demil bas established formal imternal guidance or an
implementation plan for transitioning from the use of OB/
OD to the use of alternative technologies. '’

Finding 9-8. The goals and metrics in the 2018 Demilitariza-
tion Strategic Plan are focused on determining whether the
program is meeting or exceeding its planned reduction in
OB/OD and increase in R3, but they do not set quantitative
end points or ime tables.

The committee believes that there is a tendency within
all organizations to resist substantive change. Switching
to currently available alternative technologies for most or
all munitions that are currently treated by OB/OD would
nvolve a substantial institutional change within the Army
and PD Denul. If PD Demuil 1s to achieve its stated strategic
goal to increase the use of CDTs and R3 while continuing
to ensure minimal exposure of personnel to explosive safety
risks, in addition to receiving the funding needed. a detailed
implementation plan needs to be institutionalized within the
DoDy and PD Demil, taking into consideration the complex
system of conventional munitions demilitarization com-
prised of personnel, infrastructure, technologies, as well as
regulatory requirements.

Finding 9-6. P> Denl’s stated goal is to increase the use
of contained disposal technologies. In addition, the Environ-
mental Protection Agency staff and state staff presentations
to the committee indicated an evolving preference to move
away from OB/OD. Public interest groups also support the
adoption of alternative technologies.

Finding 9-7. PD Denul has no implementation plan or pro-
cess for mereasing the use of alternative technologies and
transifioning away from OB/0OD.

Recommendation 9-2. The Office of the Product Director
for Demilitanization should develop a detailled implemen-
tation plan for transitioning from open burning and open
detonation to alternative technologies, with appropriate

14 Ihid.
15 Thid.
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performance metrics, and nstitutionalize it throughout the
Diemilitarization Enterprise.

Public Opposition

As discussed in Chapter 1, an impetus for this study is
public opposition to OB and OD and support for secking
and using alternative technologies in hieu of OB/OD. Public
interest groups presented to the committee!® 1718 their con-
cerns with OB/OD and thewr general support for alternative
technologies that can effectively meet criteria developed by
the Cease Fire! Campaign, a national coalition of more than
60 groups (see Appendix B).

Presentations and comments to the committee indicate
that public interest groups do not endorse specific alterna-
tives; rather, they want PD Demil to give sertous consider-
ation to adopting alternatives and expending efforts to test
and further develop and deploy them, given site-specific
concerns and considerations. Communities are likely to
differ in their preferences and how they weigh the various
Cease Fire! Campaign criteria. In addition, public interest
groups ndicated to the committee that they recognize that
all of the criteria do not need to be met all the time: they
are aspirational and provide a list of issues that should be
explicitly considered.

Thus, public support may be context-specific, and oppo-
sition could arise about particular alternative technologies
in specific communities, thereby potentially affecting full-
scale deployment of alternative technologies. For example,
some representatives expressed to the committee strong
opposition to nciperation and o intersite fransportation,
while another believed that thermal treatment with pollution
abatement may be worth considering, especially in water-
scarce arcas. In addition, despite a long history of public
opposifion to mcineration, it is incorrect to conclude that
there will necessarily be community opposition in the future
and in specific instances to inciperation technologies utiliz-
ing state-of-the-art pollution abatement systems controls. In
addition, multiple criteria have more to do with the process
of selecting and implementing alternative technologies than
they do with the technologies per se. Factors that can lead
to opposition have been clearly articulated to the commitice
and are inchuded in Appendix .

The presentations to the committee showed that public
opposition currently is centered on non-PD Demil OB/OD

183 enny Siegel, executive director, Center for Public and Environmental
Oversight, “Communities and Conventional Munitions Demilitarization,”
presentation to the committee, August 23, 2017.

173, Williams, executive director, California Communities Against Toxics
and F. Kelley, member, Steering Committee, Cease Fire! Campaign, Public
Perspectives Panel Discussion with the National Academy of Sciences Com-
mittee on Alternatives for the Demilitarization of Conventional Munttions,
Getober 23, 2017

18Dy, Bledsoe, founder, Envitonmental Patriots of the New River Valley,
“OB/OD a Living Legacy at RAAP- Radford Army Anununition Plant/
RRAP 1941 to Present,” presentation to the committee, October 23, 2017,
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activities, and the committee 1s not aware of active local
public opposition to OB/OD at the seven stockpile depots.
However, it 1s clear that the public does not always make
the distinction between different Army activities. Local and
nationally organized public opposition can unpact the full-
scale deployment of alternative technologies through the
public notice and hearing provisions during the permitling
process and through legislative and regulatory changes (see
Chapter 6). Indeed, inclusion of a requirement to conduct
this study in the NDAA for FY2017 is a specific example of
avenues of effecting change by public nterest groups. The
commitiee also notes a history of successtul public advo-
cacy forcing changes m legislative and regulatory decision
making, at both local and national levels, to Army and other
federal programs, particularly in the United States’ chemical
weapons demilitarization program.

Proactive, meaningful, and respectful engagement with
the public can play an important role in building support for
proposals for alternative technologies at specific facilitics
and communities. As discussed in Chapter 2, PD Demil does
not have its own public engagement program. The Public and
Congressional Affairs Office, which manages public affairs
for the seven stockpile sites, is attached to, and funded by, the
Jomnt Munitions Command (JMC). The director of the Public
and Congressional Affairs Office reports to the JMC chief
of staff, and the relationship to PD Demil and the denulitar-
ization enterprise 18 informal. Information presented to the
comnitice suggests that the Public and Congressional Affairs
Office is not adequately staffed or funded to proactively and
effectively build support for or address potential public oppo-
sition to specific alterpative technologies. Last, the Public
and Congressional Affaws Office is designed to focus less
on public engagement or two-way communication than it is
on one-way education and correcting misinformation (see
Chapter 2). The experience at Camp Minden. even though
not entirely collaborative or smooth (see Appendix 1), dem-
onstrates that public acceptance of alternative technologies
viewed as risky may be possible when decision processes
recognize the interweaving of technical and social issues,

are responsive o community concerns, and promote shared
learning.

Finding 2-8. There i3 a potential that proposals for alterna-
tive technologies to replace OB/OD at the stockpile sites
could be contested by the public.

Finding 9-9. The pubhic’s acceptance of technologies that
they view as being risky may be fostered if the Army adopts
more effective public involvement activities. Without proac-
tive attention by PD Demil to the ways that the perception of
technology and management are intertwined, public support
may be undermined, resulting in delays in full-scale deploy-
ment of alternative technologies to replace OB/OD.

Recommendation 8-3. The Office of the Product Director
for Denulitarization should, in coordination with the Joint
Munitions Command Public and Congressional Affairs
Office, include 1n its implementation plans proactive public
affairs activities that build on the experience of other sue-
cessful programs 1n resolving public concerns.
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FIRST COMMITTEE MEETING
AUGUST 22-24, 2017
WASHINGTON, D.C.

Objectives: Conduct adounistrative actions, introdactory
discussions, bias discussion, and briefings; discuss state-
ment of task and background with sponsor; receive briefings
and engage in dialogue with briefers; review report writing
process and project plan; review and flesh out initial report
outline; make committee writing assignments; and set future
meeting dates and determine next steps.

Demilitarization Overview, Mr. John McFassel, Product
Director for Demilitarization, Program Executive Office
Ammunition

Fmerging Technologies Addressing Alternatives to Open
Burn and Open Detonation, Mr. Orest Hrycak, Chief Engi-
neer, Office of the Product Director for Demiditarization,
Program Executive Office Ammumtion

Alternatives for the Demilitarization of Conventional Muni-
tions, Mr. Ken Shuster, Enginecr, Sentor Technical Expert,
U.5. Environmental Protection Agency

Dol Open Burn and Open Detonation (OB/OD), My, J. C.
King, Director for Munitions and Chemical Matters Head-
quarters, Department of the Army, Office of the Deputy
Assistant Secretary of the Army for Environment, Safety,
and Occupational Health

Communities and Conventional Munitions Demilitarization,
Mr. Lenny Siegel, Executive Director, Center for Public and
Environmental Oversight

Explosive Destruction System Presentation, Mr. Larry Gott-
schalk, Project Manager, Non-Stockpile Chemical Materiel
Disposal

Anniston Static Detonation Chamber Status, My, Tim Gar-
rett, Anniston Site Project Manager, Program Executive
Office for Assembled Chemical Weapons Alternatives

Patented “Decineration™” Thermal Process, Mr. David
Kautz, President and CEG, U.S. Demil, LLC

TELECONFERENCE WITH THE PRODUCT
MANAGER FOR DEMILITARIZATION

SEPTEMBER 27, 2017

Objective: To obtain answers to commitiee questions.

TELECONFERENCE WITH CALIFORNIA COMMUNITIES
AGAINST TOXICS AND CEASE FIRE! CAMPAIGHN
UCTOBER 17, 2017
Objective: To engage with representatives and leaders of
public interest groups to better understand their concerns

about open burning and open detonation and their perspec-
tives on alternative technologies.

SECOND COMMITTEE MEETING
OCTOBER 23-25, 2017
WASHINGTON, D.C.
Objectives: Conduct administrative actions and bias discus-

sion; receive briefings and engage in dialogue with briefers;
review and flesh out concept draft; make committee writing
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assignments; and set future meeting dates and determine
next steps.

The Committee’s Approach to Public Engagement, Dr. Judith
Bradbury and Dr. Seth Tuler, Members, Committee on Alter-
natives for the Demilitarization of Conventional Munitions

Conventional Munitions and Factors Affecting Demilitariza-
tion, Mr. John McFassel, Product Director for Demilitariza-
tion, Program Executive Office Ammunifion

The EFPA Position on Open Burning, Open Detonation, and
Alternative Technologies, Mr. Ken Shuster, Engineer, Senior
Technical Expert, U.S. Environmental Protection Agency

Fublic Perspectives {Fanel): Ms. Devawn Bledsoe, Founder,
Environmental Patriots of the New River Valley; Ms. Jane
Witliams, Executive Director, California Communities
Against Toxics; and Ms. Frances Kelley, Member, Steering
Committee, Cease Fire! Campaign

Static Firing to Demilitarize Rocket and Missile Motors, Mr.
Jeff Wright, G-3 Chief Engincer, U.S. Army Aviation and
Missile Life Cycle Management Command

Chemical Neutralization Applications in Demilitarization of
Conventional Munitions, Dr. Valentine Nzengung, MuniRem
Eavironmental

Fl Dorado Engineering’s Technologies for the Demilitariza-
tion of Conventional Munitions, Mr. Robert Hayes, Presi-
dent, El Dorado FEngineering

SITE VISIT 70 THE LETTERKENNY
MUNITIONS CENTER

OCTOBER 26, 2017
LETTERKENNY ARMY DEPOT, PENNSYLVANIA

Ohjectives: Visit the Letterkenny Munitions Center, located
on the Letterkenny Army Depot; visit a demilitarization
operation that demilitarizes rockets and missiles using recov-
ery and recycling; observe an open detonation event and the
static firing of missile motors; visit the Ammonium Perchlo-
rate Rocket Motor Destruction facility. No presentations.

THIRD COMMITTEE MEETING
DECEMBER 11-13, 2017
WASHINGTON, D.C.

Objectives: Receive briefings and engage in dialogue with
briefers; work on the report draft: make committee writing

assignments; and set future meeting dates and determine
next steps.

Munitions Not Able to Be Processed by Alternative Tech-
nologies ar Depots and Why, Mr. John McFassel, Product
Director for Demilitarization. Program Executive Office
Amrmunition

Munitions Items Disposition Action System (MIDAS), Mr.
John McFassel, Product Director for Demilitarization, Pro-
gram HExecutive Office Ammunition

Department of Defense Fxplosives Safety Board (DDESB),
Mr. Thierry L. Chiapello, Executive Director, DDESE

Public Engagement by the Joint Munitions Command (JMC),
M. Justine Barati, Chief of Public Affairs, JMC

General Atomics’ Approaches to Size Reduction and Muni-
tion Disassembly, Mr. John Follin, Director, Strategic Devel-
opment for ISCWO and Demilitarization Technologies,
General Atomics

Pennsvlvania Regulatory Perspectives, Ms. Linda Houseal,
Pennsylvania Department of Environmental Protection (via
web meeting)

Alabama Regulatory Perspectives, Mr. Stephen Cobb, Chief,
Land Division, Alabama Department of Environmental
Management

TELECONFERENCE WITH JOINT MUNITIONS
COMMAND PUBLIC AFFAIRS OFFICE

JANUARY 26, 2018
Objective: To better understand how Jomnt Munitions Com-
mand conducts its public affairs activities in relation to

the demilitarization of conventional munitions. especially
through open burning and open detonation.

TELECONFERENCE WITH CALIFORNIA COMMUNITIES
AGAINST TOXICS AND CEASE FIRE! CAMPAIGN
JANUARY 31, 2018
Objective: To engage with representatives and leaders of
public interest groups to better understand their concerns

about open burning and open detonation and their perspec-
tives on alternative technologies.
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TELECONFERENCE WITH THE PRODUCT
MANAGER FOR DEMILITARIZATION

JANUARY 31, 2018

Ghjective: To obtain answers to commitiee questions.

TELECONFERENCE WITH ENVIRONMENTAL
PATRIOTS OF THE NEW RIVER VALLEY

FEBRUARY 1, 2018

Objective: To engage with representatives and leaders of
public interest groups to better understand their concerns
about open burning and open detonation and their perspec-
tives on alternative technologies.

FOURTH COMMITTEE MEETING
MARCH 19-21, 2018
WASHINGTON, D.C.

Objectives: Work on the report draft; identfy findings and
recommendations; identify points of contention; map out
path to concurrence at the next meeting: and make committee
writing assignmeonts.

TELECONFERENCE WITH STRATEGIC
ENVIRONMENTAL RESEARCH AND
DEVELOPMENT PROGRAM

APRIL 16, 2018
Objective: To obtain environmental information about emis-

stons from open burning and open detonation, and learn more
about characterizations of these emissions.

i

TELECONFERENCE WITH JOINT MUNITIONS
COMMAND PUBLIC AFFAIRS OFFICE

APRIL 19, 2018
Objective: To better understand how Joint Munitions Com-
mand conducts its public affairs activities in relation to

the demilitarization of conventional munitions, especially
through open burning and open detonation.

TELECONFERENCE WITH THE PRODUCT
MANAGER FOR DEMILITARIZATION

MAY 9, 2018

Objective: To obtain answers to commuitice questions.

TELECONFERENCE WITH THE PRODUCT
MANAGER FOR DEMILITARIZATION

JUNE 5, 2018

Objective: To obtain answers to some final gquestions.

FIFTH COMMITTEE MEETING
JUNE 11-13, 2018
WASHINGTON, D.C.
Objectives: Resolve overarching issues; agree on report main
messages; finalize findings and recommendations; review

report and resolve all remaining points of contention; achieve
ConCuITence.
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1. Overall protection of human health and the
environment:!

a.

¢

h.

Treatment method 1s fully protective of human
and ecological health and prevents toxic
eIssions.

Treatment method offers maximum protection to
workers.

Treatment method i3 sensitive to the elevated
levels of pollution that already exist in the area
(such as current [nitrogen oxides], and ground-
level ozone levels).

Treatment method does not cause or contribute
to soil, air, or water pollution.

Any residue from treatment is fully and accu-
rately characterized and safely disposed of.
Treatment method offers maximum safety con-
trols to prevent any and all releases.

Treatment method prevents the potential for
catastrophic release.

Treatment method has aggressive process safety
management protocols.

Treatment method 13 fully protective of human
health and the environment even when full char-
acterization of wastes is not possible.
Treatment method is fully protective of marine
and aguatic receptors and ecosystems, including
fisheries.

2. Monitorability:

a.

Treatment method can be monitored effectively,
both at the site and in the surrounding com-
munity, and tested to assure protective levels
of contamination before any possible release
(sometimes referred to as hold, test, and release).

! Source: https://cswab.org/wy
Campaign-Alternative-Technology-

content/uploads/2017/03/Cease-Fire-
riteria-FINAL pdf.

b. Al effluents from the treatment system should
be monitorable, including solids, gases, and
liguids.

3. Long-term effectiveness and permanence:

a. Treatment method is a complete solution, ming-
mizing the need for additional treatment, long-
term storage or disposal n the future.

b.  Treatment method does not require long-term
mainienance, storage and monitoring and effec-
tively climinates any long-term hiability to this
or future generations.

Treatment method allows the property to be

returned to unrestricted and productive use.

d. Treatment method is superior when fiscal con-
siderations are fully inclusive of ecological,
envirommental, health, remedial, investigative,
site closure, residual contamination burden, and
other life-cycle costs.

¢

4. Reduction of toxicity, mobility, or volume through
treatment:

a. Treatment method/remedy does not create a
more toxic byproduct (such as dioxins and
products of mcomplete combustion) that does
not already have an authorized treatment plan.

b, Treatment method is effective at safely weating
dunnage, packaging. and other related materials
that require treatment or specialized disposal.

¢. Treatment method will safely and effectively
treat degradation products, impurities, cross-
contarminants, and other madvertent byproducts
and constituents, including depleted uranium.

S. Short-term effectiveness:
a. Treatment method can be implemented safely
and quickly to replace the use of open burning/
open detonation.
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6.

Implementability:

a. Treatment method is legal.

b.  Treatment method can be implemented within
the federal and state environmental standards,
regulations, and advisories.

. State/territorial acceptance:

a. Treatment method 13 supported by state or
U.S. territonial government and environmental
regulators.

. Community acceptance:

a. Treatment method is supported by local com-
munity leaders.

b, Treatment method is supported by the atfected
community.

¢. Treatment method safety controls are supported
by local first responders.

d.  Treatment method health and safety precautions
are supported by onsite workers.

. Environmental justice:

a. Treatment method 13 supported by tribes and
indigenous peoples who are both directly and
indirectly impacted.

b. Treatment method reflects and honors the cul-
tural values of tribes and indigenous peoples
who are both divectly and indirectly impacted.

¢. Treatment method is not opposed by tribal
government,

d. Treatment method is not opposed by tribal
clders.

e. Treatment method offers maximum protection
when evaluated in terms of indirect exposures.
Examples include, but are not hmited to, con-
sumption of fish and wild game, and consump-
tion and use of medicinal plants.

f.  Treatment method will achieve short-term and
long-term comphance with tribal environmen-

143

tal regulations, standards, and health advisory
fevels,

g. Treatment method offers maximum protection
when evaluated in terms of disproportionate
impact to disadvantaged. vulnerable, or suscep-
tible populations.

h.  Treatment method offers maximum protection
when evaluated in terms of cumulative, addi-
tive, and synergistic direct and indirect risks to
residents, workers, onsite personnel, and others.

1. Treatment method achieves compliance with
Health Advisory Levels (or equivalent) when
enforceable environmental standards are
unavailable —for example, as with emerging
contaninanis.

3. Treatment method does not put other global
communities at risk,

k. Treatment method will incentivize and encour-
age the development of advanced alternative
technologies.

. Fransparency:

a. The treatment method does not utilize “resource
recovery,” “energy generation” or other inci-
dental cutcomes to avord regulation under {the
Resource Conservation and Recovery Act] and
other applicable laws and regulations.

b.  The weatment method does not encourage rolling

(successive) short-term emergency permits,

All monitoring data is immediately published in

an accessible format to assure that community

members, workers, and soldiers are informed
and empowered in the decision-making process.

d. Details of how the technology and its pollution
abatement systems work are fully disclosed
to assure that community members, workers,
ongite personnel, and soldiers are informed and
empowered in the decision-making process.

¢
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In 1997 the Military Munitions Rule (MMR)! specifi-
cally declared that unused conventional munitions are not
considered discarded until they are removed from storage to
be treated. The MMR directly and unambiguously applies
to the demilitanization of conventional explosive and reac-
tive military munitions and directly governs how the Army
must handle and move munitions or related materials (e.g.,
propellant) destined for treatment or destruction.

According to the MMR, an unused military munition
becomes a solid waste when (1) the unused munition is
“abandoned by being disposed of, burned, or incinerated, or
treated prior to disposal”; (2) the unused munition is removed
from storage for purposes of disposal or treatment prior o
disposal; (3) the umused munition is deteriorated, leaking,
or damaged fo the point that it can no longer be returned to
serviceable condition and cannot be reasonably recycled or
used for other purposes (except, of course, recycling that is
like “discard,” ie., placement on the ground, unless such
placement 18 the result of use as a munition, or burning for

' The term “mulitary nwbitions” means 2l anunonition products and
components produced or used by or for the U.S. Department of Defense
(DoD) or the U.5. Arnmed Services for national defense and security, includ-
g muilitary mumnitions under the control of the Department of Defense, the
1.8, Coast Guard, the Departiment of Energy, and National Guard personnel.
Military mundtions include confined gaseous, liguid, and solid propellants,
explosives, pyrotechnics, chemical and riot control agents, smokes, and
incendiaries used by Dol) component organizations, including bulk explo-
sives and chenucal warfare agents, chemical munitions, rockets, guided and
ballistic misailes, bombs, warheads, mortar rounds, artullery ammunition,
siiall arms apununition, grenades, mines, torpedoes, depth charges, cluster
mpitions and dispensers, demolition charges, and devices and components
thereof. Military munitions do not include whelly inert items, improvised
explosive devices, and nuclear weapons, nuclear devices, and maclear com-
ponents thereof. However, the term does inchude nonnuclear components
of nuclear devices, managed under the Department of Energy's nuclear
weapons program after all required sanitization operations under the Atomic
Fnergy Act of 1954, as amended, have been completed. 40 Code of Federal
Regulations (CFR) Part 266, Subpart M, § 260.10.

> 3
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energy recovery); or (4) the munition has heen determined by
an authorized military official to be a solid waste ” Therefore,
in states that have adopted the MMR, stored unused muni-
tions are not solid or hazardous waste unti} the material 1s
finally removed from storage for the purpose of disposal or
treatment prior to disposal.

The MMR does not apply to unused munitions that were
buried or landfilled mn the past, but would apply once those
munitions are unearthed and further managed. In addition,
the regulation does not apply to munitions being used for
their intended parposes (e.g., military training). It also
does not apply when a munition s destroyed during certain
range clearance operations and when an unused munition,
mcluding components thereof, is repaired, reused, reeycled,
reclaimed, disassembled, reconfigured, or otherwise sub-
jected to materials recovery activiries.” However, except
for the type of exemptions discussed herein, the ultimate
treatment or destruction of waste military munitions must
be conducted under a Resource Conservation and Recovery
Act (RCRA) permit.

Six of the pertinent stockpile depot states have regulations
governing waste nulitary munitions that are substantially
equivalent to the federal program: Alabama,* Indiana’

240 CFR Part 266, Subpart M, § 266 202(b} 1)-(4).

SEPA, “Military Munitions Ruole: Hazardous Waste Identification and
Management; Explosives Emergencies; Manfest Exemption for Transport
of Hazardous Waste on Right-of -Ways on Contiguous Properties,” Federal
Register, Vol 62, No. 29, February 12, 1997, p. 6628 and 6629, and 40
CFR 266.202(2)(2).

4 Alabama Department of Environmental Management, Admin. Code 1.
335-14-5- 31 and 225-14-6-31.

3 Indiana Department of Environmental Management, Title 329 Article
3.1 of the Indiana Administrative Code, 329-3.1-11-1.

Copyright National Academy of Sciences. All rights reserved.

ED_014286_00000027-00121



Alternatives for the Demilitarization of Conventional Munitions

APPENDIX C

Kentucky,® Nevada,” Oklahoma.* and Pennsylvania ® Only
Utah has not adopted the MMR provisions. The MMR does
not have provisions for citing or permit conditions for RCRA
conventional munitions demifitarization sites or units. The
MMR’s only impact on the conventional munition demili-
tarization program is the timing for munitions to be declared
hazardous waste and the shipment of munitions on public

 Kentucky Department for Environmental Protection, 401 Kentucky
Administration Regulations 36:080. Military munitions.

7 Wevada Department of Environmental Protection, Nevada Adminisira-
tive Code 444.8632.

§ Oklahoma Department of Environmental Quality, Cklahoma Environ-
mental Quality Code, 2525:205-3-2(h).

 Pennsylvania Department of Environmental Protection, Pennsylvania
Code Title 25 Chapter 2662.20.
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highways {e.g., no RCRA manifest is required). It also may
provide support for RCRA exemption applications for units
where munitions are repaired, reused, recycled, reclaimed,
disassembled, reconfigured, or otherwise subjected to mate-
rials recovery activities (e.g., not treating a solid or hazard-
ous waste).
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This appendix summarizes information provided to the
committee by public interest group representatives, mnclud-
ing members of the Cease Fire! Campaign. Cease Fire!
Campaign is a national coalition of more than 60 local
groups that is a leading opponent of open burning (OB) and
open detonation (OD). Understanding the basis for public
concerns can play an important role in building support
for proposals for implementing alterpative technologies at
specific facilities and communities. Failing to adequately
address these concerns, on the other hand, could undermine
support for promising methods of treatment, which could
affect the ability of the Army to achieve its stated goal of
mcreasing the use of alternative technologies in lieu of OB/
OD. The reporting of the concerns of the public interest
groups in this appendix does not imply any agreement or
disagreement by the committee.

In their written presentations and verbal comments, pub-
lic interest group representatives

¢ Described their concerns about OB/OD and a stated
objection to OB/OD wherever it occurs;

+  Expressed their support for ideatifying and using
alterpative technologies in licu of OB/OD wherever
possible; and

+  Provided a list of criteria for decision makers to use
i designing, evaloating, and selecting alternative
technologies {presented in Appendix B).

The criteria and other input to the comumittee (¢.g., “Camp
Minden Dialogue Process,” Facilitators” Report, March 15,
2015} are informed by the representatives’ experiences as
neighbors of facilities that use OB and OD; by their experi-
ences with waste incineration facilities; and by their expen-
ences with the technology selection and decision-making
processes used by other agencies, such as the US| chemical
weapons demilitarization program. Notably, the majority of
comments and written documents submitted by Cease Fire!
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members about OB/OD addressed facilities other than the
seven stockpile depots that are the focus of this study. Indeed,
as stated by the Joint Munitions Command chief of public
affairs, there 1s very little overt controversy or opposition at
the seven stockpile sites involved in conventional munitions
demulitarization. Opposition appears to be most prevalent at
Army munitions production sites, as well as at other federal
agency {e.g., Department of Energy) sites where OB/OD
is being carried out. However, members of the Cease Fire!
Campaign are active at both the national and local levels, and
as demonstrated in their presentations and documents, their
concerns could impact activities at the seven stockpile sites
that are the focus of this study.

The concerns expressed by representative of public inter-
est groups are based on three intertwined issues:

1. The characteristics of a technology and associated
risks {e.g., the potential for catastrophic releases,
the tamihiarity of a technology and its risks, types
of secondary wastes generated, pollution abatement
methods, distribution of risks and benefits within and
among communities);
The management of the technology (e.g., information
is publicly available about how the technology and
its pollution abatement system work, monitoring data
are imumediately available and accessible); and
3. The processes for making decisions (e.g., whether
they are viewed as being fair, transparent, and based
on accepted and appropriate criteria).

[

Concerns expressed by the representatives are not limited
to a particular treatment metheod; rather, they extend to the
full demilitarization system and its management, which
inchudes handling. storage, processing of material. treatment
and disposal of secondary wastes, and mtersite transportation
of munitions and wastes.
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CONCERNS ABOUT DEMILITARIZATION
TECHNOLOGIES

The potential public health and environmental risks of
treatment technologics are a primary concern expressed by
those providing input to the committee. Their perceptions
about these 11sks are a major contributor to public opposition
to OB/OD and also the impetus of this report. These percep-
tions could also be the hasis for supporting some alternative
technologies and apprehension about other alternatives, such
as incineration. For example, the Cease Fire! Campaign
states that it “seeks to protect human health and the environ-
ment by calling for the immediate implementation of safer
alternatives to open air burning, detonation, and non-closed
loop incineration/combustion of military munitions.”!

Spectfic concerns that were expressed to the commitice
about designing, evaluating, and selecting alternative tech-
nologies include the following:

s+ The potential for contamination of surface and
groundwater, soil, and air resulting from treatment
activitics. These concerns include the potential for
both acute and chronic risks and impacts to the pub-
lic, especially for vulnerable populations and those
living close to the site. They include, for example,
exposures from air emissions from specific events as
well as cumulative and long-tern risks from repeated
exposures.”

s MNuisance risks that comnmnities have experienced
from OB/OD. These mchide property damage from
vibration and blasts (e.g.. broken windows and bro-
ken dishes), noise, odors, and dust.

= Inability to monitor and characterize emissions. Con-
cerns about iadequate monitoring and the continu-
ation of a long-standing concern about incineration
emigsions were very evident. As discussed in the
following section. the ability to monitor and charac-
terize a technology’s emissions 1s also closely linked
with public confidence in the management process
and mn assuring the public that public health risks to
the surrounding community are fully identified and
evaluated.

¢ Redistribution of risks resulting from the mncreased
transportation of munitions from one site o another
to facilitate the use of non-OB/OD treatment methods
or the selection of a technology that would reqaire
the shipment of secondary wastes, such as brine, to
a subsequent site for final treatment. As stated in the

! For information about the Cease Fire! Campaign, see https://cswab.org/
cease-fire-campaign/about-the-campaign.

> While not within the scope of this study, the representatives also ex-
pressed concerns about the risks to public health and the enviropment posed
by legacy wastes at sifes with ongoing operations. They believe that residual
contamination and vnexploded ordinance within site perimeters may prevent
a comprehensive identification and evaluation of the risks from current or
future operations.

a7

presentations of Cease Fire! members to the commit-
tee, their opposition to shipment 18 based on global
perceptions of harm and unfair redistribution of risks
to receiving communities.

Although the representatives identified potential alter-
natives to OB/OD that have been developed or deployed,
they do not necessarily endorse or support any one of these
technologies: rather they want an assessment of alternatives,
conducted independently of the Army, to assure communitics
of their safety. Their goal is for any assessment to “use their
criteria to assess the technologies, then allow each commu-
nity to decide what is important to thern.™ They recognize
that all of the criteria do not need to be met before selecting
a technology: rather that the criteria are aspirational and
provide a fist of 1ssues that should be exphcitly considered.
For example, site-specific considerations could inchude
proximity to nearby residents, proxinity to tribal land, and
demographics of nearby populations, mnchading growth and
encroachment of populations over time. In addition, physical
characteristics may be relevant. Although controversial, one
representative of the public commented to the committee that
thermal treatment with polution abatement is worth consid-
ering, especially if other alternatives to OB/OD require large
volumes of water in water-scarce areas.

CONCERNS ABOUT THE RISK MANAGEMENT AND
DECISION PROCESSES RELATED TO 0B/0D AND
ALTERNATIVE DEMILITARIZATION TECHNOLOGIES

Concerns expressed (o the committee by representatives
of public inferest groups about the technical risks of tech-
nologies are closely interwoven with their concerns about
the management of risks and decision-making processes
associated with conventional demilitarization fechnologies.
Although controversy and opposition appears to be concen-
trated at Army sites such as production sites that are not the
focus of this study, their experiences with OB/OD in mul-
tiple contexts heyond the seven demilitarization sites color
their views of Army management of conventional munitions
demilitarization.

The mtertwining of technical and management concerns
1s most clearly demonstrated in discussions about monitor-
ing. In many statements public representatives revealed an
underlying lack of confidence that emissions monitoring will
be adequate to protect human health. As one representative
emphasized, “A lot of what the community acceptance is
about 1s about monitorability and our ability to know what
1s actually going on,” and:

37, Williams, executive director, California Communities Against Toxics,
and F. Kelley, member, steering committee, Cease Fire! Campaign, “Pre-
sentation to the National Academy of Sciences

Committee on Alternatives
for the Demilitarization of Convertional Munitions,” presentation to the
committee, Getober 23, 2017,
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Monitoralnlity is very critical because that’s how we know
what 13 actually happening. Fverything can be perfect on
paper butas we all know, if 1t’s not operated correctly, there’s
something else that happens, [and] what you thought were
the emissions may not be what the actual emissions are ?

The importance of monitoring all emissions, exemplified by
technologies that can “hold, test, and release” (1., charac-
terize all wastes —solid, liquid, or gas —before release), has
long been emphasized by some members of the coalition.

Public mnterest group representatives expressed fittle con-
fidence that the management of demulitarization activities
will ensure protection of the public. As indicated n their
expectation of an independent review by the commitiee, they
believe that contractors’ evaluations and reports are subject
to conflicts of interest and that state regulators lack the exper-
tise and resources to effectively evaluate and monitor Army
demilitarization activities. Comments received by the com-
mittee indicate that the loss of trust and confidence expressed
by public inferest group members is compounded by their
past experiences related to other mulitary programs—in
particular, with the early phases of the chemical weapons
demilitarization program, prior to the Assembled Chemical
Weapons Assessment dialogue process. While many of their
experiences have heen at sites that are not the focus of this
study, public interest group representatives expressed to
the committee a general view that the Army’s actions and
perceived failure to respond to public concerns have created
an adversarial atmosphere at sites that are conducting OB/
OD operations.

Additional concerns expressed by public interest groups
and members of the public related to the management of
demilitarization of munitions are reflected in their general
views about Army management of OB and O at various
sites, and include their beliefs that

«  Information provided to the public has been. at times,
nconsistent or naccurate.

e  There has been a lack of opportunities for public
tnvolvement.

¢ There has been madequate effort by the Army to
nvestigate public concerns, including consideration
of risks to vulnerable populations in decision making
and a lack of transparency.

e The full costs of OB/OD, including environmental
impacts, health impacts, and site remedial activities
have not been taken inte account.

e There has not been a serious effort by the Army to
seck and use alternatives to OB/OD more broadly, as
demonstrated by perception that

4Thid.

¢ The distinctions among different types
of munitions and “accounts is artificial and
bureaucratic”;®

°  The responsibility for transitioning to alierna-
tive technologies is fragmented, especially with
regard to public interactions: and

°  There is a lack of funding for the implementa-
tion and research and development of alternative
technologies.

Atthe same time, the committee was provided with infor-
mation suggesting that public acceptance of alternative tech-
nologies, even when viewed as risky, may be possible when
decision processes are responsive o COmumMuURIty concerns
and promote shared learning. This point is demonstrated
by the experience at Camp Minden and with experiences
with the U.5. chemical weapons demilitarization program
(EPA. 2015, Attachment A). While Camp Minden is not
one of the seven stockpile depots being studied, it 1s sig-
nificant because of the active role played by the community
in providing input into the state of Lousiana’s selection of
an alternative technology for the treatment of 15 nullion Ib
of bulk propellant improperly stored at a contractor’s site,
resulting in a significant safety hazard. The example i3 also
significant in Hustrating the way in which decision making
based in technical evaluations s intertwined with public
confidence in management process, especially transpar-
ency. Significant public outery resulted in the reversal of
the mitial decision to teat the propellant by OB and the
design of a decision-making process to quickly help the
community, local officials, and regulators identify and
evaluate alternative technologies to deal with the complex,
emergency situation, even without full information about
pollution abatement. The process of arriving at a solution
involved a mixture of technical and process actions designed
to mmprove, and assure the community of, process safety
and the ransparency of decisions;® dialogue among stake-
holders; information about the constituents and magnitudes
of releases from the system’s pollution abatement system to
the environment; methods implemented to ensure that the

*The public interest groups that oppose OB/OD had anticipated that the
congressionally mandated statement of task governing this study would
encompass a broader scope and include all Army sites using OB/OD to
treat waste munitions, bulk energetics, and associated wastes. While the
computtee acknowledges the groups’ concerns about the scope of the
study, the conuniitee was limited in its work to the sites addressed by the
statement of task.

5R. Haves, president, Bl Dorado Engineering, “Ei Dorado Engineer-
ing’s Technologies for the Demilitarization of Conventional Munitions,”
presentation to the commuttee, Gctober 24, 2017; J. Williams, executive
director, California Commmunities Against Toxics, and F. Kelley, member,
steering commitiee, Cease Fire! Campaign, “Presentation (o the National
Academy of Sciences Comnuttee on Akernatives for the Demilitarization of
Conventional Munitions,” presentation to the commuttee, October 23,2017,
L. Siegel, executive director, Center of Public and Environmental Oversight,
“Conmunitics and Copventional Munitions Demibitarization,” presentation
o the committes, August 23, 2017,
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releases were monitored; independent experts from trusted
sources who were able to observe tests and share informa-
tion with the public in a way understandable to them; and a
contractor open to scruliny and responsive to questions and
concerns (EPA, 2015). In the words of one public interest
group representative who spoke about the Camp Minden
experience at the Comunitice meeting:

Transparency 13 so crifical. ... There was a lot of distrust of
[the Environmental Protection Agency], distrust of [the De-
partment of Defense], distrust of our state government when
we started and then we were able come to the table, arrive at
a solution and build trust with each other. And a lot of that
[trust] was built on every step of this process was going to
be transparent—whatever techunology was implemented, we
wanted it to be fully transparent, we wanted to know how
would the pollution abatement system work, how would they
test for various emissions, how would we know that every-
thing was operating the way it was designed to operate.”

The focus on transparency and other process features
described above helped to build trust and acceptance of the
selected treatment technology. The urgency of the situation
also contributed to public acceptance of the technology
uged at Camp Minden by placing a premium on selecting
an “off the shelf” technology that had already received
approval by the regulators and the Department of Defense
and could be implemented immediately.® It also encouraged
agreement among the various parties, even though the par-
ticular technology selected was not necessarily the preferred

73, Williams, executive director, Californic Communities Against Toxics,
and F. Kelley, member, steering comumittee, Cease Fire! Campaign, “Pre-
sentation to the National Academy of Sciences Commiities on Alterpatives
for the Demilitarization of Conventional Munitions,” presentation to the
committee, October 23, 2017.

& 1. Williams, executive director, California Communities Against Toxics,
panel discassion on October 23, 2017,
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choice of every participant (FPA, 2015).7 Also significant,
consistent with community members’ opposition, the state
governor subsequently did not allow the facility to hecome
permanent.®

In summary, the committee heard from comments and
presentations from public interest groups that there is sig-
nificant, national-level public opposition to the continued use
of OB/OD. While there is general support for seeking and
using alternative technologies that are perceived as having
less public health and environmental risk, support is context-
specific, as opposition may arise about particular alterna-
tive technologies in specific communities. Understanding
the basis for public concerns can play an mmportant role in
building support for proposals for alternative technologies
at specific facilities and communities, while failure to ade-
quately address them could undermine support for promising
methods of treatment. This, in turn, could affect the ability
of the Army to achieve its stated goal of increasing the use
of alternative technologies.
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TODD A KIMMELL, Chair, is a principal investigator with
the Environmental Science Division at the U.S. Department
of Energy (DOE) Argonne National Laboratory. Mr. Kim-
mell is an environmental scientist and policy analyst, with
more than 35 years” experience in solid and hazardous waste
management, permitting and regulatory compliance, cleanup
programs, environmental programs policy development,
and emergency management and homeland secuarity. He has
supported the Army’s chemical and conventional munitions
management programs. and has contributed to the Army’s
Assembled Chemical Weapons Alternatives Program and the
Chemical Stockpile Emergency Preparedness Program. Mr.
Kimmell also has a strong technical background in analytical
and physical/chemical test method development, and ana-
Iytical quality assurance and control. He has served the U.S.
Environmental Protection Agency (EPA) National Homeland
Security Rescarch Center on environmental test methods
for chemical, biological, and radiclogical assessment for
emergency response. He was involved in the Army’s first
coordinated effort to permit open burning/open detonation
(OB/OD) operations nationwide, supposted the Pentagon’s
Operational Executive Environmental Steering Committee
for Munitions and contributed to several Department of
Defense (DoD) manuals, mnchading the Military Munitions
Rule Implementation Frocedures Manval and Manage-
ment and Disposition of Material Potentially Presenting an
Explosive Hazard Procedures Manual Mr. Kimmell has also
supported a number of environmental permitting programs
at Army cherucal weapons storage sites and at OB/OD sites.
He graduated from George Washington University with an
M.S. in environmental science.

DOUGLAS M. MEDVILLE, Vice Chair, retired from
MITRE as program leader for chemical materiel disposal
and remediation. Mr. Medville has led many analyses of
risk, process engineering, transportation, and alternative
disposal technologies and has briefed public and senior
military officials on the results. Mr. Medville was respon-
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sible for evaluating the reliability and performance of the
demilitarization machines used by the Army to disassembic
stockpile chenucal munitions and wrote several test plans
and protocols for alternative chemical munition disposal
technologies. He also led the evaluation of the operational
performance of the Armiy’s chemical weapon disposal facil-
ity on Johnson Atoll and directed an assessment of the risks,
public perceptions, environmental aspects, and logistics of
transporting recovered non-stockpile chemical warfare mate-
riel to candidate storage and disposal destinations. Before
that, he worked at Franklin Institute Research Laboratories
and General Flectric. Mr. Medville earned a B.S . in industrial
engineering and an M.S. in operations research, both from
New York University.

JUDITH A. BRADBURY is a retired technical manager
from Batielle, Pacific Northwest National Laboratory. Dr.
Bradbury graduated from the University of Pittsburgh with
a Ph.D. in public and international affairs and has an M.A.
1n public affairs from the Indiana University of Pennsylvania
and a B.S. in sociology from the London School of Feonom-
ics. In her work, she has emphasized the relevance of social
science insights and fools to the analysis and resolution of
science policy issues. She has extensive experience in both
the practice and research of public involvement and mstitu-
tional activitics. Her experience mncludes responsibility for
planning and implementing cutreach and education activities
for the Midwest Regional Carbon Sequestration partnership.
Previous work includes evaluation of selected U5, Army
Restoration Advisory Boards; a series of evaluations of
the effectiveness of the Department of Energy (DOE) Site-
Specitic Advisory boards; evaluation of a training program
in public participation for DOFE managers; mecting facilita-
tion, planning, and program evaluation for the DOE nuclear
waste ransportation program; and research into community
perspectives of the risks of incineration for disposing of the
nation’s stockpile of chemical weapons.
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GAIL CHARNILEY 13 the principal at HealthRisk Strategics,
LLC. Dr. Charnley is an internationally recognized scientist
specializing in environmental health risk assessment and risk
management science and policy. She has 30 vears of experi-
ence in the biological, chemical, and social policy aspects
of environmental and public health protection, writing and
speaking extensively on issues related to the roles of sci-
ence and risk analysis in environmental and public health
risk management decision making. Dr. Charnley focuses on
strategic analysis and risk communication of complex scien-
tific and regulatory issues to both nontechnical and scientific
audiences. She works primarily on the safety of chemicals
in food, environmental media, work environments, and
consumer products. She served two terms on the Mational
Academies of Sciences. Engineering, and Medicine’s Board
on Environmental Studies and Toxicology. and she served on
the Army Science Board, for which she chaired numerocus
commitiees and was responsible for managing the conduct
of critical evaluations of the Army’s environmental and toxi-
cological practices. She has also served on numerous peer
review panels convened by the Environmental Protection
Agency (EPA), the Food and Drug Administration (FDA),
and Health and Welfare Canada. From 1994 to 1997 she was
executive director of the Presidental/Congressional Com-
mission on Risk Agscssment and Risk Management, man-
dated by Congress to evaluate the roles that risk assessment
and risk management play in federal regulatory programs.
Before her appointment to the comumnission, she worked at
the National Research Council (NRC) and served as acting
director of the Toxicology and Risk Assessment Program
at the NRC. Dr. Charnley holds an A B. in biochemistry
from Wellesley College and a Ph.DD. in toxicology from the
Massachusetts Institute of Technology.
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the Department of Civil and Environmental Engineering
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astronautical engineering from the Massachusetts Institute of
Technology (1987), and his M.5. (1997 and Ph.ID. (1998} in
mechanical engineering from the University of California,
Berkeley. Prior to joining the IIT faculty, Dr. Clack was a
National Research Council (NRC) postdoctoral fellow in
residence at the National Institnte of Standards and Technol-
ogy in Gaithersburg, Maryland (1998-1999) and a member
of the technical staff at the Rocketdyne Division of Boeing
Corporation {1987-1992). He is engaged i research and
publication in the areas of emission and control of air poliut-
ants, acrosols, nonthermal plasmas, and transport phenomena
within dispersions.
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Operations and Safety Solutions, LLC. Previously, Ms.
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Grubbe was vice president of safety change management at
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leadership and cultural improvement for five U S, refineries.
Prior to that, Ms. Grubbe was the vice president of group
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executed the group safety strategy. Ms. Grubbe graduated
with a B.S. in chemical engineering with highest distinction
from Purdue University. She received a Winston Churchill
Fellowship to attend Cambridge University in England,
where she received a Certificate of Post-Graduate Study in
Chemical Engineering. She i3 a registered professional engi-
neer in Delaware. Ms. Grubbe has been a member of several
National Academics of Sciences, Engineering, and Meds-
cine committees related to the demilitarization of chemical
weapons, including Closure and Johnston Atoll Chemical
Agent Disposal System Report (Mational Academies, 20023,
authored by the Committee on Review and Evaluation of the
Army Chemical Stockpile Disposal Program.

REBECCA A. HAFFENDEN currently serves part-time
as a program’s attorney at Argonne National Laboratory
through Global Empire, L1LC. Ms. Haffenden’s professional
experience has included work for the U.S. Department of
Homeland Security to evaluate legislation and regulations
associated with security valnerabilities and providing legal
expertise to programs involving federal facility site reme-
diation and hazardous waste compliance and corrective
actions under the Resource Conservation and Recovery
Act (RCRA). She also co-authored a working paper on the
application of federal and state hazardous waste regulatory
programs to waste chemical agents, in addition to being
a co-author of the Environmental Impact Statement for
the Assembled Chemical Weapons Alternatives program.
Ms. Haffenden has served on several National Academies
of Sciences, Engineering, and Medicine chemical demili-
tarization committees, providing crifical permitting and
environmental law expertise and drafting key parts of the
reports. Ms. Haffenden received a B A in psychology from
the University of Hlinots at Urbana—Champaign, and a 1.D.
from Suffolk Law School. Boston.

PETER R. JAFEE is a professor of civil engineering and
environmental engineering in the Department of Civil and
Environmental Engineering and the associate director for
research at the Andlinger Center for Energy and the Environ-
ment at Princeton Umiversity. Dr. Jaffe’s research interests
relate to the physical, chemical, and biological processes that
govern the transport and transformation of pollutants in the
environment and their application toward the remediation of
contaminated systems. Dr. Faffe received a B.S. in chemical
engineering from the Universidad Simén Bolivar in Caracas,
Venezuela, and an M.S. and a Ph.D. in environmental and
water resources engineering from Vanderbilt University in
1980 and 1981, respectively.
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RICHARD 5. MAGEE 15 the executive director of the New
Jersey Corporation for Advanced Technology (NICAT), a
not-for-profit public/private partnership designed to develop,
verify, and commercialize emerging, innovalive environ-
menfal and energy technologies. Dr. Magee iz also aresearch
professor at the Stevens Institute of Technology in Hoboken,
New Jersey. Prior to NJICAT and the Stevens Institute, he was
the vice president and co-founder of Carmagen Engineer-
ing, Inc.. located in Rockaway, New Jersey. The Carmagen
Engineering company offers a wide range of engineering
consulting services to the chemical and petrochemical
mdustry and the federal government: mechanical engineer-
mg, instrumentation and controls, process design and safety
assessments, fire investigations and damage assessments,
and environmental engineering. Dr. Magee received his B.E.
i engineering and an M.S. and a Sc.D. in mechanical engi-
neering from Stevens Institute of Technology. He has served
on many National Academies of Sciences, Engineering, and
Medicine chemical demnlitarization ad hoc committees. He
is also a licensed professional engineer in the state of New
Jersey, and a board certified environmental engineer with the
American Academy of Envirenmental Engineers.

JAMES PASTORICK 13 an unexploded ordnance (UXO)
technician with more than 30 years of active explosive
ordnance disposal (EOD) and UXO experience at UXC
Pro, Inc. Mr. Pastorick has served in various missions as
an officer in U.S. armed forces EOD, inchiding officer-in-
charge of an EOD unit deployed i the Mediterranean Sea
and tasked with providing emergency EOD response to the
Sixth Fleet. Since feaving the military he has continued his
EOD technical activities as senior UXO project manager
for UXB International, Inc., at IT Corporation, and as presi-
dent of the specialty UXO consulting companies Geophex
UXO Lid. and UXO Pro, Inc. Mr. Pastorick has served on
numerous National Academies of Sciences, Engineering,
and Medicine committees on the disposal of non-stockpile
chemical warfare material (CWM). These important com-
mittees investigated methods to safely handle and dispose
of UXO containing CWM in an efficient manner to allow
cost-effective cleanup of non-stockpile CWM burial sites.
He also served as a member of the Department of Defense
(Do) Geophysical Classification Advisory Group, which is
advising and steering the DoD in its efforts to develop and
mplement use of this new technology designed to identify
hazardous subsurface ordnance using only geophysical data.
He has served on numerous Interstate Technology Regula-
tory Council UXO teams, where he developed and presented
UXO training courses and assisted in the development of
technical guidance documents related to UXO technical
1ssues of interest to state regulators. He is also a certified
manager of quality and orgamzational excellence by the
American Society for Quality.

SETH P. TULER is an associate teaching professor in the
Interdisciphnary and Global Swdies Division at Worcester
Polytechnic Institute. Dr. Tuler’s research interests have
focused on public participation, risk communication, risk
governance, and developing tools to characterize human
impacts and valperabilities to risk events. He seeks to apply
msights emerging from research to practical applications
in a wide range of policy arenas, including climate change
adaptation planning, nuclear waste management, marine
fisheries management, and cleanup of contaminated sites. He
previously served on the National Academies of Sciences,
Engineering, and Medicine Committee on Transportation
of Spent Nuclear Fuel and High Level Radioactive Waste
and the Federal Advisory Committee on Energy-Related
Epidemiologic Research, chairing its Subcommittee for
Commumnty Affairs for 2 years, and an ad hoc commitiee to
advise the National Cancer Institute in its efforts to inform
people about health risks from iodine-131 nuclear weapons
testing faflout. Dr. Tuler also recently served on the National
Academies Committee on Review of Criteria for Success-
ful Treatment of Hydrolysate at the Pueblo and Blue Grass
Chemical Agent Destruction Pilot Plants. Dr. Taer has an
extensive publication record in peer-reviewed journals,
book chapters. and peer-reviewed technical reports. He was
a co-author of two technical reports for President Barack
Obama’s Blue Ribbon Commission on America’s Nuclear
Future. Dy, Tuler received a2 B.A. in mathematics from the
University of Chicago, an M.S. n technology and policy
from the interdisciplinary Technology and Policy Program
of the Massachusetts Institute of Technology, and a Ph.D.
from the Environmental Science and Policy Program, Clark
University, Worcester, Massachusetts.

WILLIAM J. WALSH 15 a senior counse] at Clark Hill PLC,
working within the firm’s Environment, Energy, and Natwral
Resources practice. Mr. Walsh principally focuses his prac-
tice i the areas of government policy advocacy, regulatory
compliance and counseling, and environmental litigation.
Previously, he was an attorney in the Washington, D.C.,
office of Pepper Hamilton LLP. Prior to joining Pepper, he
was section chief in the Environmental Protection Agency
(EPA) Office of Enforcement. His legal experience includes
environmental regulatory advice and advocacy and defense
of environmental injury litigation involving a broad spectium
of igsues pursuant to a variety of environmental statutes,
inchiding the Resource Conservation and Recovery Act
(RCRA) and the Toxic Substances Control Act. Mr. Walsh
holds 2 1.D. from George Washington University Law School
and a B.S. in physics from Manhattan College. He represents
trade associations, including the U.S. Tire Manufacturers
Association and the American Dental Asscciation, in rule-
making and other public policy advocacy. He has negotiated
protective yet cost-effective remedies in pollution cases
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involving water, air, and hazardous waste; and he has advised
technology developers and users on taking advantage of the
incentives for, and eliminating the regulatory barriers to, the
use of mpovative environmental technologies. My, Walsh
has also served, among others, on the following: the Com-
mittee on Future Options for Management in the Nation’s
Subsurface Remediation Effort; the Commutiee on Review
of the Conduct of Operations for Remediation of Recovered
Chemical Warfare Materiel from Burial Sites; the Commit-
tee on Review and Evaluation of International Technologices
for the Destruction of Non-Stockpile Chemical Materiel; the
Committee on Review and Assessment of the Army Non-
Stockpile Chemical Denmulitarization Progran: Pine Bluff;
the Committee for Review and Assessment of the Army Non-
Stockpile Chemical Demilitarization Program: Workplace
Monitoring; the Committee for the Review and Evaluation
of the Army MNon-Stockpile Chemical Materiel Disposal
Program; the Committee on Ground Water Cleanup Alter-
natives; the Committee on Future Options for Management
in the Nation's Subsurface Remediation Effort; and 6 years
on the Standing Committee on Chemical Demilitarization.
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LAWRENCE J. WASHINGTON is a retired corporate
vice president for Sustamability and Environmental Health
and Safety (EH&S), who worked for the Dow Chemical
Company for more than 37 vears. Among his many distine-
tions, Mr. Washington chaired the Corporate Environmental
Advisory Council and the FH&S Management Board and
the Crisis Management Team. He also served as an offi-
cer of the company. In his previous role as corporate vice
president, FH&S | Human Resources and Public Affairs, Mr.
Washington led the creation of the Genesis Award Program
for Excellence in People Development. His career within
Dow mcluded many roles in operations, including leader of
Dow’s Western Division and general manager and site leader
for Michigan operations. Mr. Washington has also served on
National Academies of Sciences, Engineering, and Medicine
chemical demilitarization committees from 2008 to 2012,
Mr. Wazhington earned bachelor’s and master’s degrees in
chemical engineering from the University of Detroit.
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AED
AMCOM
ANAD
ANMC
AoA

AP

APCS
APE
ABRMD

BEDS
BGAD
BGCAFPP

CAA
CAAA
CAD
B
CBI
D
ChC
CDT
CFR
COCO
CWM
CWP

DAVINCH

DDESB

DoD
DODIC

DOH
DU

Ammunition Equipment Directorate
Aviation and Missile Command
Anniston Army Depot

Anniston Munitions Center

analysis of alternatives

ammonium perchlorate

air pollution control system
ammunition pecuhiar equipment
Ammonium Perchlorate Rocket Motor
Destruction facility

Bulk Energetics Disposal System

Blue Grass Army Depot

Blue Grass Chemical Agent Destruction
Pilot Plant

Clean Aiar Act

Crane Army Ammunition Activity
cartridge actuated device
contained burning

(Clean Buming Igniter

contained detonation

Controlled Detonation Chamber
contained disposal technology
Code of Federal Regulations
contractor owned, contractor operated
chemical warfare material
Contaminated Waste Processor

Detonation of Ammunifion in a Vacuum
Integrated Chamber

Department of Defense Explosives
Safety Board

Department of Defense

Department of Defense Identification
Code

Department of Energy

depleted uranium

114

EDS
E-JLS
EPA
EWI

DA
FMEA
FTE

JAO
GOCO
GOGO

HC

HE
HEAT
HHERA

HWAD

b
SCWO

IMC

LCC
LEAD
LEMC
LMP

MACT
MCAAP
MIDAS

MLRS
MMR

Explosive Destruction System

iy ":\ 2y 23 1>, Tatirw o an e r
Eaterprise Integrated Logistics Strategy
Environmental Protection Agency
Explosive Waste Incinerator

Food and Drug Administration
failure modes and effects analysis
full-time equivalent

Government Accountability Office
government owned. contractor operated
government owned, government operated

hexachloroethane

high-explosive

high-explosive anti-tank

Human Health and Ecological Risk
Assessment

Hawthorne Army Depot

induced draft
industrial supercritical water oxidation

Joint Munitions Command

life cycle cost

Letterkenny Army Depot
Letterkenny Munitions Center
Logistics Modernization Program

maximum achievable control technology
McAlester Army Ammunition Plant
Munitions Itemns Disposition Action
System

Multiple Launch Rocket System
Military Mumitions Rule
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NASA

NDAA
NEW
NEC

OB

0D

OSD
PAD

PAS

PCH

PD Denul

PM
PODS

PPHE

QASAS

R3
RAMSLIC

National Aeronautics and Space
Administration

National Defense Authorization Act
net explosive weight

National Research Council

open burn/open burning
open detonation
Office of the Secretary of Defense

propellant actuated device
pollution ahatement system
packing, crating. and handling
Office of the Product Director for
Demilitarization

particulate matter

Plasma Ordnance Demilitarization
System

personnel protective equipment

Quality Assurance Specialist (Ammuni-
tion Surveillance)

reclamation, recycling, and reuse

remote antomated motor sealing, loading,
and ignition completion

RCRA

RDT&E

RKI

SAA
SDC
SMCA

S0P
50T

TAMR
TEAD
TEF
TRL
TSDF
TrC
TTCDP

UXO

VOC

115

Resource Conservation and Recovery
Act

research, development, testing. and
evaluation

rotary kiln incinerator

small arms ammunition

Static Detonation Chamber
Single Manager for Conventional
Ammunition

standard operating procedure
statement of task

Total Army Munitions Requirement
Tooele Army Depot

Transportable Flashing Furnace
technology readiness level

treatment, storage. and disposal facility
thermal treatiment chamber

thermal treatment closed disposal process

unexploded ordnance

volatile organic compound
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